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(54) Title: METHODS FOR CONTROLLING PESTS USING RNAI 

(57) Abstract: The present invention concerns methods for controlling insect infestation via RNAi- mediated gene silencing, 
whereby the intact insect cell(s) are contacted with a double-stranded RNA from outside the insect cell(s) and whereby the 
double-stranded RNA is taken up by the intact insect cell(s). In one particular embodiment, the methods of the invention are used to 
alleviate plants from insect pests, Alternatively, the methods are used for treating and/or preventing insect infestation on a substrate 
or a subject in need of such treatment and/or prevention. Suitable insect target genes and fragments thereof, dsRNA constructs, 
recombinant constructs and compositions are disclosed. 
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METHODS FOR CONTROLLING PESTS USING RNAi 
Field of the invention 

The present invention relates to the field of double-stranded RNA (dsRNA)-mediated gene 
5 silencing in insect species. More particularly, the present invention relates to genetic constructs 
designed for the expression of dsRNA corresponding to novel target genes. These constructs are 
particularly useful in RNAi-mediated insect pest control. The invention further relates to methods for 
controlling insects, methods for preventing insect infestation and methods for down-regulating gene 
expression in insects using RNAi. 

10 

Background to the invention 

Insect and other pests can cause injury and even death by their bites or stings. 
Additionally, many pests transmit bacteria and other pathogens that cause diseases. For example, 
mosquitoes transmit pathogens that cause malaria, yellow fever, encephalitis, and other diseases. 

15 The bubonic plague, or black death, is caused by bacteria that infect rats and other rodents. 
Compositions for controlling microscopic pest infestations have been provided in the form of 
antibiotic, antiviral, and antifungal compositions. Methods for controlling infestations by pests, such 
as nematodes and insects, have typically been in the form of chemical compositions that are 
applied to surfaces on which pests reside, or administered to infested animals in the form of pellets, 

20 powders, tablets, pastes, or capsules. 

Control of insect pests on agronomically important crops is an important field, for instance 
insect pests which damage plants belonging to the Solanaceae family, especially potato (Solatium 
tuberosum), but also tomato (Solanum lycopersicum), eggplant (Solanum melongana), capsicums 
(Sofanum capsicum), and nightshade {for example, Solanum aculeastrum, S. bulbocastanum, S. 

25 cardiophyilum, S. douglasii, S. dulcamara, S. lanceolatum, S. robustum, and S. triquetrum), 
particularly the control of coleopteran pests. 

Substantial progress has been made in the last few decades towards developing more 
. efficient methods and compositions for controlling insect infestations in plants. Chemical pesticides 
have been very effective in eradicating pest infestations. 

30 Biological control using extract from neem seed has been shown to work against 

coleopteran pests of vegetables. Commercially available neem-based insecticides have 
azadirachtin as the primary active ingredient. These insecticides are applicable to a broad 
spectrum of insects. They act as insect growth regulator azadirachtin prevents insects from 
molting by inhibiting production of an insect hormone, ecdysone. 

35 Biological control using protein Cry3A from Bacillus thuringiensis varieties tenebrionis and 

san diego, and derived insecticidal proteins are alternatives to chemical control. The Bt toxin 
protein is effective in controlling Colorado potato beetle larvae either as formulations sprayed onto 
the foliage or expressed in the leaves of potatoes. 
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An alternative biological agent is dsRNA. Over the last few years, down-regulation of 
genes (also referred to as "gene silencing") in multicellular organisms by means of RNA 
interference or "RNAi" has become a well-established technique. 

RNA interference or "RNAi" is a process of sequence-specific down-regulation of gene 
5 expression (also referred to as "gene silencing" or "RNA-mediated gene silencing") initiated by 
double-stranded RNA (dsRNA) that is complementary in sequence to a region of the target gene to 
be down-regulated (Fire, A. Trends Genet. Vol. 15, 358-363, 1999; Sharp, P. A. Genes Dev. Vol. 
15, 485-490, 2001). 

Over the last few years, down-regulation of target genes in multicellular organisms by 
10 means of RNA interference (RNAi) has become a well established technique. Reference may be 
made to International Applications WO 99/32619 (Carnegie Institution) and WO 00/01846 (by 
Applicant). 

DsRNA gene silencing finds application in many different areas, such as for example 
dsRNA mediated gene silencing in clinical applications (WO2004/001013) and in plants. In plants, 
15 dsRNA constructs useful for gene silencing have also been designed to be cleaved and to be 
processed into short interfering RNAs (siRNAs). 

Although the technique of RNAi has been generally known in the art in plants, C. elegans 
and mammalian cells for some years, to date little is known about the use of RNAi to down-regulate 
gene expression in insects. Since the filing and publication of the WO 00/01846 and WO 99/32619 
20 applications, only few other applications have been published that relate to the use of RNAi to 
protect plants against insects. These include the International Applications WO 01/37654 (DNA 
Plant Technologies), WO 2005/019408 (Bar Han University), WO 2005/049841 (CSIRO, Bayer 
Cropscience), WO 05/047300 (University of Utah Research foundation), and the US application 
2003/00150017 (Mesa et al.). The present invention provides target genes and constructs useful in 
25 the RNAi-mediated insect pest control. Accordingly, the present invention provides methods and 
compositions for controlling pest infestation by repressing, delaying, or otherwise reducing gene 
expression within a particular pest. 

Description of the invention 

The present invention describes a novel non-compound, non-protein based approach for 
the control of insect crop pests. The active ingredient is a nucleic acid, a double-stranded RNA 
(dsRNA), which can be used as an insecticidal formulation, for example, as a foliar spray. The 
sequence of the dsRNA corresponds to part or whole of an essential insect gene and causes 
downregulation of the insect target via RNA interference (RNAi). As a result of the downregulation 
of mRNA, the dsRNA prevents expression of the target insect protein and hence causes death, 
growth arrest or sterility of the insect. 

The methods of the invention can find practical application in any area of technology where 
it is desirable to inhibit viability, growth, development or reproduction of the insect, or to decrease 
pathogenicity or infectivity of the insect. The methods of the invention further find practical 
application where it is desirable to specifically down-regulate expression of one or more target 



35 
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genes in an insect. Particularly useful practical applications include, but are not limited to, (1) 
protecting plants against insect pest infestation; (2) pharmaceutical or veterinary use in humans 
and animals (for example to control, treat or prevent insect infections in humans and animals); (3) 
protecting materials against damage caused by insects; (4) protecting perishable materials (such 
5 as foodstuffs, seed, etc.) against damage caused by insects; and generally any application wherein 
insects need to be controlled and/or wherein damage caused by insects needs to be prevented. 

In accordance with one embodiment the invention relates to a method for controlling insect 
growth on a cell or an organism, or for preventing insect infestation of a cell or an organism 
susceptible to insect infection, comprising contacting insects with a double-stranded RNA, wherein 

10 the double-stranded RNA comprises annealed complementary strands, one of which has a 
nucleotide sequence which is complementary to at least part of the nucleotide sequence of an 
insect target gene, whereby the double-stranded RNA is taken up by the insect and thereby 
controls growth or prevents infestation. 

The present invention therefore provides isolated novel nucleotide sequences of insect 

15 target genes, said isolated nucleotide sequences comprising at least one nucleic acid sequence 
selected from the group comprising: 

(i) sequences represented by any of SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 
49 to 158, 159, 160-163, 168, 173, 178, 183, 188, 193, 198, 203, 208, 215, 220, 225, 230, 240 to 
247, 249, 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483, 488, 493, 498, 503. 508 to 513, 515, 

20 517, 519, 521, 533 to 575, 576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 
778, 783, 788,793, 795, 797, 799, 801, 813 to 862, 863. 868, 873, 878, 883, 888. 890. 892, 894, 
896, 908 to 1040, 1041, 1046, 1051, 1056, 1061. 1066 to 1071, 1073, 1075. 1077, 1079. 1081, 
1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101. 1103, 1105. 1107, 1109, 1111, 
1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612. 1617, 1622, 1627, 

25 1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672. 1677, 1682, 1684, 1686, 1688. 1690, 
1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039. 2040, 2045. 2050. 2055, 2060. 2065, 
2070, 2075, 2080, 2085, 2090, 2095. 2100. 2102, 2104. 2106. 2108, 2120 to 2338, 2339, 2344, 
2349, 2354, 2359. 2364, 2366, 2368. 2370, 2372, 2384 to 2460, 2461, 2466. 2471, 2476, 2481 or 
2486, or the complement thereof, 

30 (ii) sequences which are at least 70 %. preferably at least 75%, 80%, 85%, 90%, more 

preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 1, 3. 5, 7, 9, 11. 13. 15. 17, 19, 21. 23, 49 to 158, 159. 160-163, 168, 173. 178, 183, 
188, 193, 198, 203, 208, 215, 220, 225, 230, 240 to 247, 249. 251. 253, 255, 257, 259, 275 to 472, 
473, 478, 483, 488. 493, 498, 503. 508 to 513, 515, 517, 519. 521, 533 to 575, 576, 581, 586, 591, 

35 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 778, 783, 788. 793. 795. 797, 799, 801, 813 to 
862, 863, 868, 873, 878, 883, 888, 890, 892, 894, 896, 908 to 1040, 1041, 1046. 1051, 1056, 1061. 
1066 to 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097, 
1099, 1101. 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582. 1587. 1592, 
1597, 1602, 1607, 1612, 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 

40 1672, 1677, 1682, 1684, 1686, 1688, 1690, 1692. 1694, 1696, 1698, 1700. 1702, 1704, 1730 to 
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2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 
2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359. 2364, 2366, 2368, 2370, 2372, 
2384 to 2460, 2461 , 2466, 2471 , 2476, 2481 or 2486, or the complement thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168. 
173. 178, 183, 188. 193, 198, 203, 208, 215, 220, 225, 230, 240 to 247, 249, 251, 253, 255, 257. 
259, 275 to 472, 473. 478, 483, 488, 493, 498, 503, 508 to 513, 515, 517, 519, 521, 533 to 575, 
576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767. 768, 773, 778, 783. 788, 793. 795. 
797, 799, 801, 813 to 862, 863, 868, 873, 878, 883, 888, 890. 892, 894, 896, 908 to 1040, 1041, 
1046, 1051. 1056, 1061, 1066 to 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 
1091, 1093, 1095, 1097, 1099. 1101, 1103, 1105. 1107, 1109, 1111, 1113, 1161 to 1571, 1572, 
1577, 1582, 1587, 1592, 1597. 1602, 1607, 1612, 1617, 1622, 1627, 1632, 1637, 1642, 1647, 
1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 1688, 1690, 1692, 1694, 1696, 1698. 
1700, 1702, 1704, 1730 to 2039, 2040. 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 
2090. 2095, 2100, 2102. 2104. 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 
2366. 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 2476, 2481 or 2486, or the complement 
thereof, or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 49 to 158, 275 to 472, 533 to 575, 621 to 767, 813 to 
862. 908 to 1040, 1161 to 1571, 1730 to 2039, 2120 to 2338, 2384 to 2460, or a complement 
thereof, said nucleic acid sequences being useful for preparing the double stranded RNAs of the 
invention for controlling insect growth. 

"Controlling pests" as used in the present invention means killing pests, or preventing 
pests to develop, or to grow or preventing pests to infect or infest. Controlling pests as used herein 
also encompasses controlling insect progeny (development of eggs). Controlling pests as used 
herein also encompasses inhibiting viability, growth, development or reproduction of the insect, or 
to decrease pathogenicity or infectivity of the insect. The compounds and/or compositions 
described herein, may be used to keep an organism healthy and may be used curatively, 
preventively or systematically to control pests or to avoid insect growth or development or infection 
or infestation. 

Particular pests envisaged by the present invention are insect pests. Controlling insects as 
used herein thus also encompasses controlling insect progeny (such as development of eggs, for 
example for insect pests). Controlling insects as used herein also encompasses inhibiting viability, 
growth, development or reproduction of the insect, or decreasing pathogenicity or infectivity of the 
insect. In the present invention, controlling insects may inhibit a biological activity in an insect, 
resulting in one or more of the following attributes: reduction in feeding by the insect, reduction in 
viability of the insect, death of the insect, inhibition of differentiation and development of the insect, 
absence of or reduced capacity for sexual reproduction by the insect, muscle formation, juvenile 
hormone formation, juvenile hormone regulation, ion regulation and transport, maintenance of cell 
membrane potential, amino acid biosynthesis, amino acid degradation, sperm formation, 
pheromone synthesis, pheromone sensing, antennae formation, wing formation, leg formation, 
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development and differentiation, egg formation, larval maturation, digestive enzyme formation, 
haemolymph synthesis, haemolymph maintenance, neurotransmission, cell division, energy 
metabolism, respiration, apoptosis, and any component of a eukaryotic cells' cytoskeletal structure, 
such as, for example, actins and tubulins.The compounds and/or compositions described herein, 
5 may be used to keep an organism healthy and may be used curatively, preventively or 
systematically to control an insect or to avoid insect growth or development or infection or 
infestation. Thus, the invention may allow previously susceptible organisms to develop resistance 
against infestation by the insect organism. 

The expression "complementary to at least part of as used herein means that the 
10 nucleotide sequence is fully complementary to the nucleotide sequence of the target over more than 
two nucleotides, for instance over at least 15, 16,. 17, 18, 19, 20, 21, 22 , 23, 24 or more contiguous 
nucleotides. 

According to a further embodiment , the invention relates to a method method for down- 
regulating expression of a target gene in an insect, comprising contacting said insect with a double- 
15 stranded RNA, wherein the double-stranded RNA comprises annealed complementary strands, 
one of which has a nucleotide sequence which is complementary to at least part of the nucleotide 
sequence of the insect target gene to be down -regulated, whereby the double-stranded RNA is 
taken up into the insect and thereby down-regulates expression of the insect target gene. 

Whenever the term "a* is used within the context of "a target gene", this means "at least 
20 one" target gene. The same applies for "a" target organism meaning "at least one" target organism, 
and "a" RNA molecule or host cell meaning "at least one" RNA molecule or host cell. This is also 
detailed further below. 

According to one embodiment, the methods of the invention rely on uptake by the insect of 
double-stranded RNA present outside of the insect (e. g. by feeding) and does not require 

25 expression of double-stranded RNA within cells of the insect. In addition, the present invention also 
encompasses methods as described above wherein the insect is contacted with a composition 
comprising the double-stranded RNA. 

Said double-stranded RNA may be expressed by a prokaryotic (for instance, but not limited 
to, a bacterial) or eukaryotic (for instance, but not limited to, a yeast) host cell or host organism. 

30 The insect can be any insect, meaning any organism belonging to the Kingdom Animals, 

more specific to the Phylum Arthropoda, and to the Class Insecta or the Class Arachnida. The 
methods of the invention are applicable to all insects that are susceptible to gene silencing by RNA 
interference and that are capable of internalising double-stranded RNA from their immediate 
environment. The invention is also applicable to the insect at any stage in its development. 

35 Because insects have a non-living exoskeleton, they cannot grow at a uniform rate and rather grow 
in stages by periodically shedding their exoskeleton. This process is referred to as moulting or 
ecdysis. The stages between moults are referred to as "instars" and these stages may be targeted 
according to the invention. Also, insect eggs or live young may also be targeted according to the 
present invention. All stages in the developmental cycle, which includes metamorphosis in the 
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pterygotes, may be targeted according to the present invention. Thus, individual stages such as 

larvae, pupae, nymph etc stages of development may all be targeted. 

In one embodiment of the invention, the insect may belong to the following orders: Acari, 

Araneae, Anoplura, Coleoptera, Collembola, Dermaptera, Dictyoptera, Diplura, Diptera, 
5 Embioptera, Ephemeroptera, Grylloblatodea, Hemiptera, Homoptera, Hymenoptera, Isoptera, 

Lepidoptera, MaNophaga, Mecoptera, Neuroptera, Odonata, Orthoptera, Phasmida, Plecoptera, 

Protura. Psocoptera, Siphonaptera, Siphunculata, Thysanura, Strepsiptera, Thysanoptera, 

Trichoptera, and Zoraptera. 

In preferred, but norvlimiting, embodiments and methods of the invention the insect is 
10 chosen from the group consisting of: 

(1) an insect which is a plant pest, such as but not limited to Nilaparvata spp. (e.g. N. 

lugens (brown planthopper)); Laodefphax spp. (e.g. L striatellus (small brown planthopper)); 

Nephotettix spp. (e.g. N. virescens or N. cincticeps (green leafhopper), or N.nigropictus (rice 

leafhopper)); Sogatella spp. (e.g. S. furcifera (white-backed planthopper)); Biissus spp. (e.g. B. 
15 leucopterus leucopterus (chinch bug)); Scotinophora spp. (e.g. S. vermidufate (rice blackbug)); 

Acrosternum spp. (e.g. A. hilare (green stink bug)); Parnara spp. (e.g. P. guttata (rice skipper)); 

Chilo spp. (e.g. C. suppressalis (rice striped stem borer), C. auricilius (gold-fringed stem borer), or 

C. polychrysus (dark-headed stem borer)); Chi/otraea spp. (e.g. C. pofychrysa (rice stalk borer)); 

Sesamia spp. (e.g. S. inferens (pink rice borer)); Tryporyza spp. (e.g. T. innotata (white rice borer), 
20 or T. incertulas (yellow rice borer)); Cnaphalocrocis spp. (e.g. C. medinalis (rice leafroller)); 

Agromyza spp. (e.g. A. oryzae (leafminer), or A. parvicorn is (corn blot leafminer)); Dtatraea spp. 

(e.g. D. saccharalis (sugarcane borer), or D. grandioselfa (southwestern corn borer)); Narnaga spp. 

(e.g. N. aenescens (green rice caterpillar)); Xanthodes spp. (e.g. X. transversa (green caterpillar)); 

Spodoptera spp. (e.g. S. frugiperda (fall armywonm), S. exigua (beet armyworm), S. littoralis 
25 (climbing cutworm) or S. praefica (western yellowstriped armyworm)); Mythimna spp. (e.g. 

Mythmna (Pseudaletia) separata (armyworm)); Helicoverpa spp. (e.g. H. zea (corn earworm)); 

Colaspis spp. (e.g. C. brunnea (grape colaspis)); Lissorhoptrus spp. (e.g. L oryzophilus (rice water 

weevil)); Echinocnemus spp. (e.g. E. squamos (rice plant weevil)); Diclodispa spp. (e.g. D. 

armigera (rice hispa)); Oulema spp. (e.g. O. oryzae (leaf beetle); Sitophilus spp. (e.g. S. oryzae 
30 (rice weevil)); Pachydiplosis spp. (e.g. P. oryzae (rice gall midge)); Hydrelfia spp. (e.g. H. griseola 

(small rice leafminer), or H. sasakii (rice stem maggot)); Chlorops spp. (e.g. C. oryzae (stem 

maggot)); Diabrotica spp. (e.g. D. virgifera virgifera (western corn rootworm), D. barberi (northern 

corn rootworm), D. undecimpunctata howardi (southern corn rootworm), D, virgifera zeae (Mexican 

corn rootworm); D. balteata (banded cucumber beetle)); Osthnia spp. (e.g. O. nubilalis (European 
35 corn borer)); Agrotis spp. (e.g. AipsiJon (black cutworm)); Basmopalpus spp. (e.g. E. lignosellus 

(lesser cornstalk borer)); Melanotus spp. (wireworms); Cyclocephata spp. (e.g. C. borealis 

(northern masked chafer), or C. immacufata (southern masked chafer)); Popillia spp. (e.g. P. 

japonica (Japanese beetle)); Chaetocnema spp. (e.g. C. puticaria (corn flea beetle)); 

Sphenophorus spp. (e.g. S. maidis (maize billbug)); Rhopalosiphum spp. (e.g. R. maidis (com leaf 
40 aphid)); Anuraphis spp. (e.g. A. maidiradicis (corn root aphid)); Melanoplus spp. (e.g. M. 
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femurrubrum (redlegged grasshopper) M. differentiatis (differential grasshopper) or M. sanguinipes 
(migratory grasshopper)); Hylemya spp. (e.g. H. platura (seedcorn maggot)); Anaphothrips spp. 
(e.g. A. obscrurus (grass thrips)); Solenopsis spp. (e.g. S. milesta (thief ant)); or spp. (e.g. T. 
urticae (twospotted spider mite), 7". cinnabarinus (carmine spider mite); Helicoverpa spp. (e.g. H. 
5 zea (cotton bollworm), or H. armigera (American bollworm)); Pectinophora spp. (e.g. P. gossypielta 
(pink bollworm)); Earias spp. (e.g. £ vittella (spotted bollworm)); Heliothis spp. (e.g. H. virescens 
(tobacco budworm)); Anthonomus spp. (e.g. A. grandis (boll weevil)); Pseudatomoscelis spp. (e.g. 
P. seriatus (cotton fleahopper)); Trialeurodes spp. (e.g. T. abutiloneus (banded-winged whitefly) T. 
vaporariorum (greenhouse whitefly)); Bemisia spp. (e.g. B. argentifolh (silverleaf whitefly)); Aphis 

10 spp. (e.g. A. gossypii (cotton aphid)); Lygus spp. (e.g. L iineolaris (tarnished plant bug) or L 
hesperus (western tarnished plant bug)); Euschistus spp. (e.g. E. conspersus (consperse stink 
bug)); Chlorochroa spp. (e.g. C. say/ (Say stinkbug)); Nezara spp. (e.g. N. viridula (southern green 
stinkbug)); Thrips spp. (e.g. 7*. tabaci (onion thrips)); Frankliniella spp. (e.g. F. fuses (tobacco 
thrips), or F. occidentalis (western flower thrips)); Leptinotarsa spp. (e.g. L decemlineata (Colorado 

15 potato beetle), L juncta (false potato beetle), or L texana (Texan false potato beetle)); Lema spp. 
(e.g. L trilineata (three-lined potato beetle)); Epitrix spp. (e.g. E. cucumeris (potato flea beetle), £ 
hirtipennis (flea beetle), or £ tuberis (tuber flea beetle)); Epicauta spp. (e.g. £ vittata (striped 
blister beetle)); Phaedon spp. (e.g. P. cochleariae (mustard leaf beetle)); Epifachna spp. (e.g. E. 
vahvetis (mexican bean beetle)); Acheta spp. (e.g. A. domesticus (house cricket)); Empoasca spp. 

20 (e.g. £ fabae (potato leafhopper)); Myzus spp. (e.g. M. persicae (green peach aphid)); Paratrioza 
spp. (e.g. P. cockerelii (psyllid)); Conoderus spp. (e.g. C. falii (southern potato wireworm), or C. 
vespertinus (tobacco wireworm)); Phthorimaea spp. (e.g. P. operculetla (potato tuberworm}); 
Macrosiphum spp. (e.g. M. euphorbiae (potato aphid)); Thyanta spp. (e.g. T. pallidovirens 
(redshouldered stinkbug)); Phthorimaea spp. (e.g. P. operculelia (potato tuberworm)); Helicoverpa 

25 spp. (e.g. H. zea (tomato fruitworm); Keiferia spp. (e.g. K. iycopersicella (tomato pinworm)); 
Limonius spp. (wireworms); Manduca spp. (e.g. M. sexta (tobacco hornworm), or M. 
quinquemaculata (tomato hornworm)); Liriomyza spp. (e.g. L. sativae, L. trifotli or L. huidobrensis 
(leafminer)); Drosophilia spp. (e.g. D. melanogaster, O. yakuba, D. pseudoobscura or D. simulans); 
Carabus spp. (e.g. C. granufatus); Chironomus spp. (e.g. C. tentanus): Ctenocephalides spp. (e.g. 

30 C. felis (cat flea)); Diaprepes spp. (e.g. D. abbreviatus (root weevil)); Ips spp. (e.g. /. pini (pine ' 
engraver)); Tribolium spp. (e.g. 7". castaneum (red floor beetle)); Glossina spp. (e.g. G. morsitans 
(tsetse fly)); Anopheles spp. (e.g. A. gambiae (malaria mosquito)); Helicoverpa spp. (e.g. H. 
armigera (African Bollworm)); Acyrthosiphon spp. (e.g. A. pisum (pea aphid)); Apis spp. (e.g. A. 
melifera (honey bee)); Homalodisca spp. (e.g. H. coagulate (glassy-winged sharpshooter)); Aedes 

35 spp. (e.g. Ae. aegypti (yellow fever mosquito)); Bombyx spp. (e.g. B. mori (silkworm)); Locusta spp. 
(e.g. L migratoria (migratory locust)); Boophilus spp. (e.g. B. microptus (cattle tick)); 
Acanthoscurria spp. (e.g. A. gomesiana (red-haired chololate bird eater)); Diploptera spp. (e.g. D. 
punctata (pacific beetle cockroach)); Heficonius spp. (e.g. H. erato (red passion flower butterfly) or 
H. melpomene (postman butterfly)); Curculio spp. (e.g. C. glandium (acorn weevil)); Plutelia spp. 
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(e.g. P. xylostetla (diamondback moth)); Amblyomma spp. (e.g. A. variegatum (cattle tick)); 
Anteraea spp. (e.g. A. yamamai (silkmoth)); and Armigeres spp. (e.g. A. subalbatus); 
(2) an insect capable of infesting or injuring humans and/or animals such as, but not limited to 
those with piercing-sucking mouthparts, as found in Hemiptera and some Hymenoptera and 
5 Diptera such as mosquitos, bees, wasps, lice, fleas and ants, as well as members of the 
Arachnidae such as ticks and mitesorder, class or familiy of Acarina (ticks and mites) e.g. 
representatives of the families Argasidae, Dermanyssidae, Ixodidae, Psoroptidae or Sarcoptidae 
and representatives of the species Amblyomma spp., Anocentor spp., Argas spp., Boophilus spp., 
Cheyletiella spp., Cborioptes spp., Demodex spp., Dermacentor spp., Dermanyssus spp., 

10 Haemophysalis spp., Hyalomma spp., Ixodes spp., Lynxacarus spp., Mesostigmata spp., 
Notoedres spp., Omithodoros spp., Ornithonyssus spp., Otobius spp., otodectes spp., 
Pneumonyssus spp., Psoroptes spp., Rhipicephalus spp., Sarcoptes spp., or Trombicula spp. ; 
Anoplura (sucking and biting lice) e.g. representatives of the species Bovicola spp., Haematopinus 
spp., Linognathus spp., Menopon spp., Pediculus spp., Pemphigus spp., Phylloxera spp., or 

15 Sofenopotes spp. ; Diptera (flies) e.g. representatives of the species Aedes spp., Anopheles spp., 
Calliphora spp., Chrysomyia spp., Chrysops spp., Cochliomyia spp., Cu/ex spp., Culicoides spp., 
Cuterebra spp.. Dermatobia spp., Gastrophilus spp., Glossina spp., Haematobia spp. , 
Haematopota spp.,. Hippobosca spp., Hypoderma spp., Luc///a spp., Lyperosia spp., Melophagus 
spp., Oestrus spp., Phaenicia spp., Phlebotomus spp., Phormia spp., Sarcophaga spp., Simulium 

20 spp., Stomoxys spp., Tabanus spp., Tannia spp. or 7)pu/a spp.; Mallophaga (biting lice) e.g. 
representatives of the species Damalina spp., Felicola spp., Heterodoxus spp. or Trichodectes 
spp.; or Siphonaptera (wingless insects) e.g. representatives of the species Ceratophyllus spp., 
spp., Pt//ex spp., or Xenopsylla spp; Cimicidae (true bugs) e.g. representatives of the species 
C/mex spp., Tritominae spp., Rhodinius spp., or Thatoma spp. 

25 and 

(3) an insect that causes unwanted damage to substrates or materials, such as insects that 
attack foodstuffs, seeds, wood, paint, plastic, clothing etc. 

(4) an insect or arachnid relevant for public health and hygiene, including household 
insects and ecto-para sites such as, by way of example and not limitation, flies, spider mites, thrips, 

30 ticks, red poultry mite, ants, cockroaches, termites, crickets including house-crickets, silverfish, 
bookiice, beetles, earwigs, mosquitos and fleas. More preferred targets are cockroaches 
(Blattodea) such as but not limited to Bfatella spp. (e.g. Blatella germanica (german cockroach)), 
Periplaneta spp. (e.g. Periplaneta americana (American cockroach) and Pehplaneta australiasiae 
(Australian cockroach)), Blatta spp. (e.g. Blatta orientatis (Oriental cockroach)) and Supella spp. 

35 (e.g. Supella longipalpa (brown-banded cockroach); ants (Formicoidea), such as but not limited to 
Solenopsis spp. (e.g. Solenopsis invicta (Red Fire Ant)), Monomorium spp. (e.g. Monomorium 
pharaonis (Pharaoh Ant)), Camponotus spp. (e.g. Camponotus spp (Carpenter Ants)), lasius spp. 
(e.g. lasius niger (Small Black Ant)), Tetramorium spp. (e.g. Tetramorium caespitum (Pavement 
Ant)), Myrmica spp. (e.g. Myrmica rubra (Red Ant)), Formica spp (wood ants), Crematogaster spp. 

40 (e.g. Crematogaster lineolata (Acrobat Ant)), Iridomyrmex spp. (e.g. Jridomyrmex humilis 
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(Argentine Ant)), Pheidofa spp. (Big Headed Ants), and Dasymutilla spp. (e.g. Dasymutilla 
occidentalis (Velvet Ant)); termites (Isoptera and/or Termitidae) such as but not limited to 
Amitermes spp. (e.g. Amitermes floridensis (Florida dark-winged subterranean termite)), 
Reticulitermes spp. (e.g. Reticulitermes flavipes (the eastern subterranean termite), Reticulitermes 
5 hesperus (Western Subterranean Termite)), Coptotermes spp. (e.g. Coptotermes formosanus 
(Formosan Subterranean Termite)), Incisitermes spp. (e.g. Incisitermes minor (Western Drywood 
Termite)), Neotermes spp. (e.g. Neotermes connexus (Forest Tree Termite)). 

In terms of "susceptible organisms", which benefit from the present invention, any 
organism which is susceptible to pest infestation is included. Pests of many different organisms, 
10 for example animals such as humans, domestic animals (such as pets like cats, dogs etc) and 
livestock (including sheep, cows t pigs, chickens etc.). 

In this context, preferred, but non-limiting, embodiments of the invention the insect or 
arachnid is chosen from the group consisting of: 
(1) Acari: mites including Ixodida (ticks) 

15 (2) Arachnida: Araneae (spiders) and Opiliones (harvestman), examples include: 

Latrodectus mactans (black widow) and Loxosceles recluse (Brown Recluse Spider) 

(3) Anoplura: lice, such as Pediculus humanus (human body louse) 

(4) Blattodea: cockroaches including German cockroach (Bfatella germanica), of the genus 
Periplaneta, including American cockroach (Periplaneta americana) and Australian 

20 cockroach (Peripianeta austrafiasiae), of the genus Blatta, including Oriental cockroach 

(Blatta orientafis) and of the genus Supella, including brown-banded cockroach {Supella 
longipalpa). A most preferred target is German cockroach (Bfatella germanica). 

(5) Coleoptera: beetles, examples include: the family of Powderpost beetle (family of 
Bostrichoidea); Dendroctonus spp. (Black Turpentine Beetle, Southern Pine Beetle, IPS 

25 Engraver Beetle): Carpet Beetles (Anthrenus spp, Attagenus spp); Old House Borer 

(family of Cerambycidae: Hylotrupes bajulus), Anobium punctatum; Tribolium spp (flour 
beetle); Trogoderma granarium (Khapra Beetle): Oryzaephifus sarinamensis (Toothed 
Grain Beetle) etc. (Bookworm) 

(6) Dermaptera: family of earwigs 

30 (7) Diptera: mosquitoes (Culicidae) and flies (Brachycera), examples are: 

Anophelinae such as Anopheles spp. and Culicinae such as Aedes fulvus; Tabanidae 
such as Tabanus punctifer (Horse Fly), Glossina morsitans morsitans (tsetse fly), drain 
flies (Psychodidae) and Calyptratae such as Musca domestica (House fly), flesh flies 
(family of Sarcophagidae) etc. 

35 (8) Heteroptera: bugs, such as Cimex lectularius (bed bug) 

(9) Hymenoptera: wasps (Apocrita), including ants (Formicoidea), bees (Apoidea): 
Solenopsis invicta (Red Fire Ant), Monomorium pharaonis (Pharaoh Ant), Camponotus 
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spp (Carpenter AntsJ, lasius niger (Small Black Ant), tetramorium caespitum (Pavement 
Ant), Myrmica rubra (Red Ant), Formica spp (wood ants), Crematogaster lineolata 
(Acrobat Ant), Iridomyrmex humilis (Argentine Ant), Pheidole spp. (Big Headed Ants, 
Dasymutilla occidentalis (Velvet Ant) etc. 

5 (10) Isoptera: termites, examples include: Amilermes floridensis (Florida dark-winged 

subterranean termite), the eastern subterranean termite (Reticutitermes flavipes), the R. 
hesperus (Western Subterranean Termite), Coptotermes formosanus (Formosa n 
Subterranean Termite), Incisitermes minor (Western Drywood Termite), Neotermes 
connexus (Forest Tree Termite) and Termitidae 

10 (11) Lepidoptera: moths, examples include: Tineidae & Oecophoridae such as Tineoia 

bisselliella (Common Clothes Moth), and Pyralidae such as Pyralis farinalis (Meal Moth) 
etc 

(12) Psocoptera: booklice (Psocids) 

(13) Sip honaptera: fleas such as Pulex irritans 
15 (14) Sternorrhyncha: aphids (Aphididae) 

(15) Zygentoma: silverfish, examples are: Thermobia domestica and Lepisma saccharina 

Preferred plant pathogenic insects according to the invention are plant pest and are 
selected from the group consisting of Leptinotarsa spp. (e.g. L decemlineata (Colorado potato 
beetle), L juncta (false potato beetle), or L texana (Texan false potato beetle)): Nilaparvata spp. 

20 (e.g. N. fugens (brown planthopper)); Laodelphax spp. (e.g. L striatellus (small brown 
planthopper)); Nephotettix spp. (e.g. N. virescens or N. cincticeps (green leafhopper), or 
N.nigropictus (rice leafhopper)); Sogateila spp. (e.g. S. furcifera (white-backed planthopper)); ChiJo 
spp. (e.g. C. suppressalis (rice striped stem borer), C. auricilius (gold- fringed stem borer), or C. 
polychrysus (dark-headed stem borer)); Sesamia spp. (e.g. S. inferens (pink rice borer)); 

25 Tryporyza spp. (e.g. 7. innotata (white rice borer), or T. incertulas (yellow rice borer)); Diabrotlca 
spp. (e.g. O. virgifera virgifera (western corn rootworm), D. barberi (northern corn rootworm), O. 
undecimpunctata howardi (southern corn rootworm), D. virgifera zeae (Mexican corn rootworm); 
Osthnia spp. (e.g. O. nubiialis (European corn borer)); Anaphothrips spp. (e.g. A. obscrurus (grass 
thrips)); Pectinophora spp. (e.g. P. gossypiella (pink bollworm)); Heliothis spp. (e.g. H. virescens 

30 (tobacco budworm)); Trialeurodes spp. (e.g. T. abutiloneus (banded-winged whitefly) T. 
vaporariorum (greenhouse whitefly)); Bemisia spp. (e.g. B. argentifolh (silverleaf whitefly)); Aphis 
spp. (e.g. A. gossypii (cotton aphid)); Lygus spp. (e.g. L lineolaris (tarnished plant bug) or L 
hesperus (western tarnished plant bug)); Euschistus spp. (e.g. E. conspersus (consperse stink 
bug)); Chforochroa spp. (e.g. C. say/ (Say stinkbug)); Nezara spp. (e.g. N. vihdula (southern green 

35 stinkbug)); Thhps spp. (e.g. T. tabaci (onion thrips)); Franklinietla spp. (e.g. F. fusca (tobacco 
thrips), or F. occidentalis (western flower thrips)); Myzus spp. (e.g. M. persicae (green peach 
aphid)); Macrosiphum spp. (e.g. M. euphorbiae (potato aphid)); Blissus spp. (e.g. 8. leucopterus 
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ieucopterus (chinch bug)); Acrosternum spp. (e.g. A. hilars (green stink bug)); Chilotraea spp. (e.g. 
C. polychrysa (rice stalk borer)); Lissorhoptrus spp. (e.g. L. oryzophilus (rice water weevil)); 
Rhopalosiphum spp. (e.g. R. maidis (corn leaf aphid)); and Anuraphis spp. (e.g. A. maidiradicis 
(corn root aphid)). 

5 According to a more specific embodiment, the methods of the invention are applicable 

for Leptinotarsa species. Leptinotarsa belong to the family of Chrysomelidae or leaf beatles. 
Chrysomelid beetles such as Flea Beetles and Corn Rootworms and Curculionids such as Alfalfa 
Weevils are particularly important pests. Flea Beetles include a large number of small leaf feeding 
beetles that feed on the leaves of a number of grasses, cereals and herbs. Flea Beetles include a 

10 large number of genera (e.g., Attica, Apphthona, Argopistes, Disonycha, Epitrix, Longitarsus, 
Prodagricomela, Systena, and Phyllotreta). The Flea Beetle, Phyllotreta cruciferae, also known as 
the Rape Flea Beetle, is a particularly important pest. Com rootworms include species found in the 
genus Diabrotica (e.g., D. undecimpunctata undecimpunctata. D. undecimpunctata howardii, D. 
longicornis, D. virgifera and D. balteata). Com rootworms cause extensive damage to corn and 

15 curcubits. The Western Spotted Cucumber Beetle, D. undecimpunctata undecimpunctata, is a pest 
of curcubits in the western U.S. Alfalfa weevils (also known as clover weevils) belong to the genus, 
Hypera (H. postica, H. brunneipennis, H. nigrirostris, H. punctata and H. meles), and are 
considered an important pest of legumes. The Egyptian alfalfa weevil, H. brunneipennis, is an 
important pest of alfalfa in the western U.S. 

20 There are more than 30 Leptinotarsa species. The present invention thus encompasses 

methods for controlling Leptinotarsa species, more specific methods for killing insects, or 
preventing Leptinotarsa insects to develop or to grow, or preventing insects to infect or infest. 
Specific Leptinotarsa species to control according to the invention include Colorado Potato Beetle 
(Leptinotarsa decemlineata (Say) and False Potato Beetle (Leptinotarsa juncta (Say). 

25 CPB is a (serious) pest on our domestic potato (Solanum tuberosum), other cultivated and 

wild tuber bearing and non-tuber bearing potato species (e.g. S. demissum, S.phureja a.o.) and 
other Solanaceous (nightshades) plant species incuding: 

(a) the crop species tomato (several Lycopersicon species), eggplant (Solanum 
melongena), peppers (several Capsicum species), tobacco (several Nicotiana species including 

30 ornamentals) and ground cherry (Physalis species); 

(b) the weed/herb species, horse nettle (S, carolinense), common nightshade (S. 
dulcamara), belladonna (Atropa species), thorn apple (datura species), henbane (Hyqscyamus 
species) and buffalo burr (S. rostratum). 

FPB is primarily found on horse nettle, but also occurs on common nightshade, ground 
35 cherry, and husk tomato (Physalis species). 

The term "insect" encompasses insects of all types and at all stages of development, 
including egg, larval or nymphal, pupal and adult stages. 

The present invention extends to methods as described herein, wherein the insect is 
Leptinotarsa decemlineata (Colorado potato beetle) and the plant is potato, eggplant, tomato, 
40 pepper, tobacco, ground cherry or rice, corn or cotton. 
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The present invention extends to methods as described herein, wherein the insect is 
Phaedon cochleariae (mustard leaf beetle) and the plant is mustard, Chinese cabbage, turnip 
greens, collard greens or bok choy. 

The present invention extends to methods as described herein, wherein the insect is 
5 Epilachna varivetis (Mexican bean beetle) and the plant is bean, field bean, garden bean, snap 
bean, lima bean, mung bean, string bean, black-eyed bean, velvet bean, soybean, cowpea, pigeon 
pea, clover or alfalfa. 

The present invention extends to methods as described herein, wherein the insect is 
Anthonomus grandis (cotton boll weevil) and the plant is cotton. 
10 The present invention extends to methods as described herein, wherein the insect is 

Tribolium castaneum (red flour beetle) and the plant is in the form of stored grain products such as 
flour, cereals, meal, crackers, beans, spices, pasta, cake mix, dried pet food, dried flowers, 
chocolate, nuts, seeds, and even dried museum specimens. 

The present invention extends to methods as described herein, wherein the insect is 
15 Myzus persicae (green peach aphid) and the plant is a tree such as Prunus, particularly peach, 
apricot and plum; a vegetable crop of the families Sofanaceae, Chenopodiaceae, Compositae, 
Cruciferae, and Cucurbitaceae, including but not limited to, artichoke, asparagus, bean, beets, 
broccoli, Brussels sprouts, cabbage, carrot, cauliflower, cantaloupe, celery, corn, cucumber, fennel, 
kale, kohlrabi, turnip, eggplant, lettuce, mustard, okra, parsley, parsnip, pea, pepper, potato, radish, 
20 spinach, squash, tomato, turnip, watercress, and watermelon; a field crops such as, but not limited 
to, tobacco, sugar beet, and sunflower; a flower crop or other ornamental plant. 

The present invention extends to methods as described herein, wherein the insect is 
Nilaparvata lugens and the plant is a rice plant. 

The present invention extends to methods as described herein, wherein the insect is Chiio 
25 suppressafis (rice striped stem borer) and the plant is a rice plant, bareley, sorghum, maize, wheat 
or a grass. 

The present invention extends to methods as described herein, wherein the insect is 
Plutella xylostelia (Diamondback moth) and the plant is a Brassica species such as, but not limited 
to cabbage, Chinese cabbage, Brussels sprouts, kale, rapeseed, broccoli, cauliflower, turnip, 
30 mustard or radish. 

The present invention extends to methods as described herein, wherein the insect is 
Acheta domesticus (house cricket) and the plant is any plant as described herein or any organic 
matter. 

In this context the term "plant" encompasses any plant material that it is desired to treat to 
35 prevent or reduce insect growth and/or insect infestation. This includes, inter alia, whole plants, 
seedlings, propagation or reproductive material such as seeds, cuttings, grafts, explants, etc. and 
also plant cell and tissue cultures. The plant material should express, or have the capability to 
express, the RNA molecule comprising at least one nucleotide sequence that is the RNA 
complement of or that represents the RNA equivalent of at least part of the nucleotide sequence of 
40 the sense strand of at least one target gene of the pest organism, such that the RNA molecule is 
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taken up by a pest upon plant-pest interaction, said RNA molecule being capable of inhibiting the 
target gene or down-regulating expression of the target gene by RNA interference. 

The target gene may be any of the target genes herein described, for instance a target 
gene that is essential for the viability, growth, development or reproduction of the pest. The present 
5 invention relates to any gene of interest in the insect (which may be referred to herein as the "target 
gene") that can be down-regulated. 

The terms "down-regulation of gene expression" and "inhibition of gene expression" are 
used interchangeably and refer to a measurable or observable reduction in gene expression or a 
complete abolition of detectable gene expression, at the level of protein product and/or mRNA 

10 product from the target gene. Preferably the down-regulation does not substantially directly inhibit 
the expression of other genes of the insect.The down-regulation effect of the dsRNA on gene 
expression may be calculated as being at least 30%, 40%, 50%, 60%, preferably 70%, 80% or 
even more preferably 90% or 95% when compared with normal gene expression. Depending on the 
nature of the target gene, down-regulation or inhibition of gene expression in cells of an insect can 

15 be confirmed by phenotypic analysis of the cell or the whole insect or by measurement of mRNA or 
protein expression using molecular techniques such as RNA solution hybridization, PCR, nuclease 
protection, Northern hybridization, reverse transcription, gene expression monitoring with a 
mtcroarray, antibody binding, enzyme-linked immunosorbent assay (ELISA), Western blotting, 
radioimmunoassay (RIA), other immunoassays, or fluorescence-activated cell analysis (FACS). 

20 The "target gene" may be essentially any gene that is desirable to be inhibited because it 

interferes with growth or pathogenicity or infectivity of the insect. For instance, if the method of the 
invention is to be used to prevent insect growth and/or infestation then it is preferred to select a 
target gene which is essential for viability, growth, development or reproduction of the insect, or 
any gene that is involved with pathogenicity or infectivity of the insect, such that specific inhibition 

25 of the target gene leads to a lethal phenotype or decreases or stops insect infestation. 

According to one non-limiting embodiment, the target gene is such that when its 
expression is down- regulated or inhibited using the method of the invention, the insect is killed, or 
the reproduction or growth of the insect is stopped or retarded. This type of target genes is 
considered to be essential for the viability of the insect and is referred to as essential genes. 

30 Therefore, the present invention encompasses a method as described herein, wherein the target 
gene is an essential gene. 

According to a further non-limiting embodiment, the target gene is such that when it is 
down-regulated using the method of the invention, the infestation or infection by the insect, the 
damage caused by the insect, and/or the ability of the insect to infest or infect host organisms 

35 and/or cause such damage, is reduced. The terms "infest" and "infect" or "infestation" and 
"infection" are generally used interchangeably throughout. This type of target genes is considered 
to be involved in the pathogenicity or infectivity of the insect. Therefore, the present invention 
extends to methods as described herein, wherein the target gene is involved in the pathogenicity or 
infectivity of the insect. The advantage of choosing the latter type of target gene is that the insect is 

40 blocked to infect further plants or plant parts and is inhibited to form further generations. 
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According to one embodiment, target genes are conserved genes or insect-specific genes. 

In addition, any suitable double-stranded RNA fragment capable of directing RNAi or RNA- 
mediated gene silencing or inhibition of an insect target gene may be used in the methods of the 
invention. 

5 In another embodiment, a gene is selected that is essentially involved in the growth, 

development, and reproduction of a pest, (such as an insect). Exemplary genes include but are not 
limited to the structural subunits of ribosomal proteins and a beta-coatamer gene, such as the 
CHD3 gene. Ribosomal proteins such as S4 (RpS4) and S9{RpS9) are structural constituents of 
the ribosome involved in protein biosynthesis and which are components of the cytosolic small 
10 ribosomal subunit, the ribosomal proteins such as L9 and L19 are structural constituent of 
ribosome involved in protein biosynthesis which is localised to the ribosome. The beta coatamer 
gene in C. elegans encodes a protein which is a subunit of a multimeric complex that forms a 
membrane vesicle coat. Similar sequences have been found in diverse organisms such as 
Arabidopsis thaliana, Drosophila melanogaster, and Saccharomyces cerevisiae. Related 
15 sequences are found in diverse organisms such as Leptinotarsa decemlineata, Phaedon 
cochleariae, Epilachna varivestis, Anthonomus grandis, Tribolium castaneum, Myzus persicae, 
Nilaparvata lugens, Chilo suppressalis, Plutella xylosteila and Acheta domesticus. 

Other target genes for use in the present invention may include, for example, those that 
play important roles in viability, growth, development, reproduction, and infectivity. These target 
20 genes include, for example, house keeping genes, transcription factors, and pest specific genes or 
lethal knockout mutations in.Caenorhabditis or Drosophila. The target genes for use in the present 
invention may also be those that are from other organisms, e.g., from insects or arachnidae (e.g. 
Leptinotarsa spp., Phaedon spp., Epilachna spp., Anthonomus spp., Tribolium spp., Myzus spp., 
Nilaparvata spp., Chilo spp., Plutella spp., or Acheta spp.). 
25 Preferred target genes include those specified in Table 1A and orthologous genes from 

other target organisms, such as from other pest organisms. 

In the methods of the present invention, dsRNA is used to inhibit growth or to interfere with 
the pathogenicity or infectivity of the insect. 

The invention thus relates to isolated double-stranded RNA comprising annealed 
30 complementary strands, one of which has a nucleotide sequence which is complementary to at 
least part of a target nucleotide sequence of a target gene of an insect. The target gene may be 
any of the target genes described herein, or a part thereof that exerts the same function. 

According to one embodiment of the present invention, an isolated double-stranded RNA is 
provided comprising annealed complementary strands, one of which has a nucleotide sequence 
35 which is complementary to at least part of a nucleotide sequence of an insect target gene, wherein 
said target gene comprises a sequence which is selected from the group comprising: 

(i) sequences which are at least 75% identical to a sequence represented by any of SEQ ID 
NOs 1, 3, 5, 7, 9, 11. 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168, 173. 178. 183, 188, 
193, 198. 203, 208. 215, 220, 225, 230, 247, 249, 251, 253, 255, 257, 259. 275 to 472, 473, 
40 478, 483, 488. 493, 498, 503. 513, 515, 517, 519. 521, 533 to 575, 576, 581. 586, 591, 596, 
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601, 603, 605. 607, 609, 621 to 767, 768, 773, 778, 783, 788, 793, 795, 797, 799, 801, 813 to 
862, 863, 868, 873, 878, 883, 888, 890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051, 1056, 
1061, 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 1091, 1093, 1095. 1097, 
1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113. 1161 to 1571, 1572, 1577, 1582, 1587, 
5 1592, 1597, 1602. 1607, 1612, 1617. 1622, 1627. 1632, 1637, 1642, 1647, 1652, 1657, 1662, 

1667, 1672, 1677, 1682, 1684, 1686. 1688, 1690. 1692, 1694, 1696, 1698, 1700, 1702, 1704, 
1730 to 2039, 2040. 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 
2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349. 2354, 2359, 2364, 2366, 
2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 2476 or 2481, or the complement thereof. 
1 0 and 

(ii) sequences comprising at least 17 contiguous nucleotides of any of SEQ ID NOs 1, 3, 5, 7, 
9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168. 173, 178, 183. 188, 193, 198. 203, 
208, 215, 220, 225, 230, 247, 249, 251, 253, 255. 257, 259, 275 to 472. 473, 478, 483, 488, 
493, 498, 503, 513, 515, 517, 519, 521, 533 to 575, 576. 581. 586, 591, 596, 601, 603, 605, 
15 607, 609, 621 to 767, 768, 773, 778, 783, 788, 793, 795, 797, 799. 801. 813 to 862. 863, 868, 

873, 878, 883, 888, 890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051. 1056, 1061, 1071, 
' 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089. 1091, 1093. 1095, 1097, 1099, 1101, 
1103, 1105, 1107, 1109. 1111, 1113, 1161 to 1571, 1572, 1577, 1582. 1587, 1592, 1597, 
1602, 1607, 1612, 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652. 1657, 1662, 1667, 1672, 
20 1677, 1682, 1684, 1686. 1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 

2039, 2040, 2045, 2050, 2055, 2060, 2065. 2070. 2075. 2080. 2085, 2090, 2095, 2100, 2102, 
2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 
2372, 2384 to 2460, 2461 , 2466, 2471 , 2476 or 2481 , or the complement thereof, 
or wherein said insect target gene is an insect orthologue of a gene comprising at least 17 
25 contiguous nucleotides of any of SEQ ID NOs 49 to 158. 275 to 472, 533 to 575, 621 to 767, 813 to 
862, 908 to 1040, 1161 to 1571, 1730 to 2039, 2120 to 2338, 2384 to 2460, or the complement 
thereof. 

Depending on the assay used to measure gene silencing, the growth inhibition can be 
quantified as being greater than about 5%, 10%, more preferably about 20%, 25%, 33%, 50%, 

30 60%, 75%, 80%, most preferably about 90%, 95%, or about 99% as compared to a pest organism 
that has been treated with control dsRNA. 

According to another embodiment of the present invention, an isolated double- stranded 
RNA is provided, wherein at least one of said annealed complementary strands comprises the RNA 
equivalent of at least one of the nucleotide sequences represented by any of SEQ ID NOs 1, 3, 5, 

35 7, 9. 11, 13, 15. 17, 19, 21, 23, 49 to 158, 159, 160-163. 168, 173. 178. 183, 188, 193, 198, 203. 
208, 215, 220, 225, 230, 247. 249. 251, 253, 255, 257, 259. 275 to 472. 473. 478. 483, 486, 493, 
498, 503, 513, 515, 517, 519. 521, 533 to 575, 576. 581. 586, 591. 596. 601, 603, 605, 607, 609, 
621 to 767..768. 773. 778, 783. 788, 793, 795, 797. 799, 801. 813 to 862, 863, 868, 873. 878, 883, 
888, 890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 1071, 1073, 1075, 1077, 

40 1079. 1081. 1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 
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1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612, 1617, 
1622, 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 
1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 
2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 
5 2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 
2476 or 2481, or wherein at least one of said annealed complementary strands comprises the RNA 
equivalent of a fragment of at least 17 basepairs in length thereof, preferably at least 18, 19, 20 or 
21 , more preferably at least 22, 23 or 24 basepairs in length thereof. 

If the method of the invention is used for specifically controlling growth or infestation of a 

10 specific insect in or on a host cell or host organism, it is preferred that the double-stranded RNA 
does not share any significant homology with any host gene, or at least not with any essential gene 
of the host. In this context, it is preferred that the double-stranded RNA shows less than 30%, more 
preferably less that 20%, more preferably less than 10%, and even more preferably less than 5% 
nucleic acid sequence identity with any gene of the host cell. % sequence identity should be 

15 calculated across the full length of the double-stranded RNA region. If genomic sequence data is 
available for the host organism one may cross-check sequence identity with the double-stranded 
RNA using standard bioinformatics tools. In one embodiment, there is no sequence identity 
between the dsRNA and a host sequences over 21 contiguous nucleotides, meaning that in this 
context, it is preferred that 21 contiguous base pairs of the dsRNA do not occur in the genome of 

20 the host organism. In another embodiment, there is less than about 10% or less than about 12.5 % 
sequence identity over 24 contiguous nucleotides of the dsRNA with any nucleotide sequence from 
a host species. 

The double-stranded RNA comprises annealed complementary strands, one of which has 
a nucleotide sequence which corresponds to a target nucleotide sequence of the target gene to be 
25 down-regulated. The other strand of the double-stranded RNA is able to base-pair with the first 
strand. 

The expression "target region" or "target nucleotide sequence" of the target insect gene 
may be any suitable region or nucleotide sequence of. the gene. The target region should comprise 
at least 17, at least 18 or at least 19 consecutive nucleotides of the target gene, more preferably at 
30 least 20 or. at least 21 nucleotide and still more preferably at least 22, 23 or 24 nucleotides of the 
target gene. 

It is preferred that (at least part of) the double-stranded RNA will share 100% sequence 
identity with the target region of the insect target gene. However, it will be appreciated that 100% 
sequence identity over the whole length of the double stranded region is not essential for functional 

35 RNA inhibition. RNA sequences with insertions, deletions, and single point mutations relative to the 
target sequence have also been found to be effective for RNA inhibition. The terms "corresponding 
to" or "complementary to" are used herein interchangeable, and when these terms are used to refer 
to sequence correspondence between the double-stranded RNA and the target region of the target 
gene, they are to be interpreted accordingly, i.e. as not absolutely requiring 100% sequence 

40 identity. However, the % sequence identity between the double-stranded RNA and the target 
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region will generally be at least 80% or 85% identical, preferably at least 90%, 95%, 96%, or more 
preferably at least 97%, 98% and still more preferably at least 99%. Two nucleic acid strands are 
"substantially complementary when at least 85% of their bases pair. 

The term "complementary" as used herein relates to both DNA-DNA complementarity as to 
5 DNA-RNA complementarity. In analogy herewith, the term "RNA equivalent" substantially means 
that in the DNA sequence(s), the base "T" may be replaced by the corresponding base "IT 
normally present in ribonucleic acids. 

Although the dsRNA contains a sequence which corresponds to the target region of the 
target gene it is not absolutely essential for the whole of the dsRNA to correspond to the sequence 
10 of the target region. For example, the dsRNA may contain short non-target regions flanking the 
target-specific sequence, provided that such sequences do not affect performance of the dsRNA in 
RNA inhibition to a material extent. 

The dsRNA may contain one or more substitute bases in order to optimise performance in 
RNAj. It will be apparent to the skilled reader how to vary each of the bases of the dsRNA in turn 
15 and test the activity of the resulting dsRNAs (e.g. in a suitable in vitro test system) in order to 
optimise the performance of a given dsRNA. 

The dsRNA may further contain DNA bases, non-natural bases or non-natural backbone 
linkages or modifications of the sugar-phosphate backbone, for example to enhance stability during 
storage or enhance resistance to degradation by nucleases. 
20 It has been previously reported that the formation of short interfering RNAs (siRNAs) of 

about 21 bp is desirable for effective gene silencing. However, in applications of applicant it has 
been shown that the minimum length of dsRNA preferably is at least about 80-100 bp in order to be 
efficiently taken up by certain pest organisms. There are indications that in invertebrates such as 
the free living nematode C. elegans or the plant parasitic nematode Meloidogyne incognita, these 
25 longer fragments are more effective in gene silencing, possibly due to a more efficient uptake of 
these long dsRNA by the invertebrate. 

It has also recently been suggested that synthetic RNA duplexes consisting of either 27- 
mer blunt or short hairpin (sh) RNAs with 29 bp stems and 2-nt 3' overhangs are more potent 
inducers of RNA interference than conventional 21-mer siRNAs. Thus,, molecules based upon the 
30 targets identified above and being either 27-mer blunt or short hairpin (sh) RNA's with 29-bp stems 
and 2-nt 3'overhangs are also included within the scope of the invention. 

Therefore, in one embodiment, the double-stranded RNA fragment (or region) will itself 
preferably be at least 17 bp in length, preferably 18 or 19bp in length, more preferably at least 
20bp, more preferably at least 21 bp, or at least 22 bp, or at least 23 bp, or at least 24 bp, 25 bp, 
35 26 bp or at least 27 bp in length. The expressions "double-stranded RNA fragment" or "double- 
stranded RNA region" refer to a small entity of the double-stranded RNA corresponding with (part 
of) the target gene. 

Generally, the double stranded RNA is preferably between about 17-1500 bp, even more 
preferably between about 80 - 1000 bp and most preferably between about 17-27 bp or between 
40 about 80-250 bp; such as double stranded RNA regions of about 17 bp, 18 bp, 19 bp, 20 bp, 21 bp, 
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22 bp, 23 bp, 24 bp, 25 bp, 27 bp, 50 bp, 80 bp, 100 bp, 150 bp, 200 bp. 250 bp. 300 bp, 350 bp, 
400 bp, 450 bp, 500 bp. 550 bp, 600 bp, 650 bp, 700 bp, 900 bp, 100 bp, 1100 bp, 1200 bp, 1300 
bp. 1400 bp or 1500 bp. 

The upper limit on the length of the double- stranded RNA may be dependent on i) the 
5 requirement for the dsRNA to be taken up by the insect and ii) the requirement for the dsRNA to be 
processed within the cell into fragments that direct RNAi. The chosen length may also be 
influenced by the method of synthesis of the RNA and the mode of delivery of the RNA to the cell. 
Preferably the double-stranded RNA to be used in the methods of the invention will be less than 
10,000 bp in length, more preferably 1000 bp or less, more preferably 500 bp or less, more 
1 0 preferably 300 bp or less, more preferably 100 bp or less. For any given target gene and insect, the 
optimum length of the dsRNA for effective inhibition may be determined by experiment. 

The double-stranded RNA may be fully or partially double-stranded. Partially double- 
stranded RNAs may include short single-stranded overhangs at one or both ends of the double- 
stranded portion, provided that the RNA is still capable of being taken up by insects and directing 
15 RNAi. The double-stranded RNA may also contain internal non-complementary regions. 

The methods of the invention encompass the simultaneous or sequential provision of two 
or more different double-stranded RNAs or RNA constructs to the same insect, so as to achieve 
down-regulation or inhibition of multiple target genes or to achieve a more potent inhibition of a 
single target gene. 

20 Alternatively, multiple targets are hit by the provision of one double-stranded RNA that hits 

multiple target sequences, and a single target is more efficiently inhibited by the presence of more 
than one copy of the double stranded RNA fragment corresponding to the target gene. Thus, in one 
embodiment of the invention, the double-stranded RNA construct comprises multiple dsRNA 
regions, at least one strand of each dsRNA region comprising a nucleotide sequence that is 

25 complementary to at least part of a target nucleotide sequence of an insect target gene. According 
to the invention, the dsRNA regions in the RNA construct may be complementary to the same or to 
different target genes and/or the dsRNA regions may be complementary to targets from the same 
or from different insect species. 

The terms "hit", "hits" and "hitting" are alternative wordings to indicate that at least one of the 

30 strands of the dsRNA is complementary to. and as such may bind to, the target gene or nucleotide 
sequence. 

In one embodiment, the. double stranded RNA region comprises multiple copies of the 
nucleotide sequence that is complementary to the target gene. Alternatively, the dsRNA hits more 
than one target sequence of the same target gene. The invention thus encompasses isolated 
35 double stranded RNA constructs comprising at least two copies of said nucleotide sequence 
complementary to at least part of a nucleotide sequence of an insect target. 

The term "multiple" in the context of the present invention means at least two, at least 
three, at least four, at least five, at least six, etc. 

The expressions "a further target gene" or "at least one other target gene" mean for 
40 instance a second, a third or a fourth, etc. target gene. 



WO 2U07/U8U127 



PCT/EP20U7/000287 



19 

DsRNA that hits more than one of the above-mentioned targets, or a combination of 
different dsRNA against different of the above mentioned targets are developed and used in the 
methods of the present invention. 

Accordingly the invention relates to an isolated double stranded RNA construct comprising 
5 at least two copies of the RNA equivalent of at least one of the nucleotide sequences represented 
by any of SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15. 17, 19. 21, 23, 49 to 158, 159, 160-163. 168, 173, 
178, 183, 188. 193,-198, 203, 208, 215, 220, 225, 230, 247. 249, 251, 253, 255, 257, 259, 275 to 
472. 473, 478. 483. 488. 493. 498. 503. 513. 515. 517. 519, 521. 533 to 575. 576, 581, 586. 591, 
596, 601. 603, 605, 607. 609. 621 to 767, 768, 773, 778. 783, 788, 793, 795, 797, 799, 801, 813 to 

10 862,863,868, 873, 878. 883, 888, 890, 892. 894, 896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 
1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097, 1099, 
1101, 1103, 1105. 1107, 1109, 1111, 1113. 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 
1602, 1607, 1612, 1617, 1622. 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672. 
1677, 1682, 1684, 1686. 1688, 1690. 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 

15 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 2104, 
2106, 2108. 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372, 2384 to 
2460. 2461. 2466, 2471, 2476 or 2481, or at least two copies of the RNA equivalent of a fragment 
of at least 17 basepairs in length thereof, preferably at least 18, 19, 20 or 21, more preferably at 
least 22, 23 or 24 basepairs in length thereof. Preferably, said double-stranded RNA comprises the 

20 RNA equivalent of the nucleotide sequence as represented in SEQ ID NO 159 or 160, or a 
fragment of at least 17, preferably at least 18, 19, 20 or 21, more preferably at least 22, 23 or 24 
basepairs in length thereof. In a further embodiment, the invention relates to an an isolated double 
stranded RNA construct comprising at least two copies of the RNA equivalent of the nucleotide 
sequence as represented by SEQ ID NO 159 or 160. 

25 Accordingly, the present invention extends to methods as described herein, wherein the 

dsRNA comprises annealed complementary strands, one of which has a nucleotide sequence 
which is complementary to at least part of a target nucleotide sequence of an insect target gene, 
and which comprises the RNA equivalents of at least wo nucleotide sequences independently 
chosen from each other. In one embodiment, the dsRNA comprises the RNA equivalents of at least 

30 two, preferably at least three, four or five, nucleotide sequences indepently chosen from the 
sequences represented by any of SEQ ID NOs 1. 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 
159, 160-163, 168, 173. 178, 183, 188, 193, 198, 203, 208, 215, 220, 225, 230, 247, 249, 251, 
253, 255, 257, 259, 275 to 472, 473, 478, 483, 488, 493, 498, 503, 513, 515, 517, 519, 521, 533 to 
575, 576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 778, 783, 788, 793, 

35 795, 797, 799, 801, 813 to 862, 863, 868, 873, 878, 883, 888, 890, 892, 894, 896, 908 to 1040, 
1041, 1046, 1051, 1056, 1061, 1071. 1073. 1075, 1077, 1079, 1081. 1083, 1085, 1087, 1089. 
1091. 1093, 1095, 1097, 1099, 1101. 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 1572, 
1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612, 1617, 1622, 1627, 1632. 1637, 1642. 1647, 
1652, 1657. 1662, 1667, 1672, 1677, 1682, 1684, 1686, 1688, 1690, 1692. 1694, 1696. 1698, 

40 1700, 1702. 1704. 1730 to 2039, 2040, 2045, 2050. 2055. 2060. 2065. 2070, 2075, 2080, 2085. 



WO 2007/080127 



PCT/EP2007/000287 



20 

2090, 2095, 2100, 2102, 2104. 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 
2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471. 2476 or 2481. or fragments thereof of at 
least 17 basepairs in length, preferably at least 18, 19, 20 or 21, more preferably at least 22, 23 or 
24 basepairs in length thereof. 
5 The at least two nucleotide sequences may be derived from the target genes herein 

described. According to one preferred embodiment the dsRNA hits at least one target gene that is 
essential for viability, growth, development or reproduction of the insect and hits at least one gene 
involved in pathogenicity or infectivity as described hereinabove. Alternatively, the dsRNA hits 
multiple genes of the same category, for example, the dsRNA hits at least 2 essential genes or at 
1 0 least 2 genes involved in the same cellular function. According to a further embodiment, the dsRNA 
hits at least 2 target genes, which target genes, are involved in a different cellular function. For 
example the dsRNA hits two or more genes involved in protein synthesis (e.g. ribosome subunits), 
intracellular protein transport, nuclear mRNA splicing, or involved in one of the functions described 
in Table 1A. 

15 Preferably, the present invention extends to methods as described herein, wherein said 

insect target gene comprises a sequence which is which is selected from the group comprising: 

(i) sequences which are at least 75% identical to a sequence represented by any of SEQ ID 
NOs 1, 3, 5. 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168, 173, 178, 183, 188. 
193. 198, 203, 208. 215, 220, 225, 230, 247, 249. 251, 253, 255. 257. 259. 275 to 472, 473, 

20 478, 483, 488, .493, 498, 503, 513, 515, 517, 519. 521, 533 to 575, 576, 581. 586, 591, 596, 

601, 603, 605, 607, 609, 621 to 767. 768, 773, 778, 783, 788. 793, 795, 797, 799. 801, 813 to 
862, 863, 868, 873, 878, 883, 888, 890. 892. 894, 896, 908 to 1040. 1041. 1046. 1051, 1056, 
1061, 1071, 1073, 1075, 1077, 1079. 1081. 1083, 1085, 1087. 1089, 1091, 1093. 1095, 1097, 
1099. 1101. 1103. 1105, 1107. 1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582, 1587, 

25 1592, 1597, 1602, 1607, 1612, 1617. 1622. 1627, 1632. 1637. 1642, 1647, 1652, 1657, 1662, 

1667. 1672, 1677, 1682, 1684, 1686, 1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 
1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 
2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 2366, 
2368, 2370, 2372. 2384 to 2460, 2461, 2466. 2471, 2476 or 2481, or the complement thereof, 

30 and 

(ii) sequences comprising at least 17 contiguous nucleotides of any of SEQ ID NOs 1,3, 5, 7, 
9. 11, 13, 15, 17, 19. 21. 23, 49 to 158, 159, 160-163, 168, 173, 178, 183, 188, 193, 198, 203, 
208, 215, 220, 225, 230, 247, 249, 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483. 488, 
493, 498, 503, 513, 515, 517, 519, 521, 533 to 575, 576, 581, 586, 591, 596, 601, 603. 605, 

35 607, 609, 621 to 767, 768, 773, 778, 783, 788, 793, 795, 797, 799, 801, 813 to 862, 863, 868, 

873, 878, 883, 888, 890. 892. 894, 896. 908 to 1040, 1041. 1046. 1051, 1056, 1061, 1071, 
1073, 1075, 1077, 1079, 1081. 1083, 1085. 1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101, 
1103. 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 
1602, 1607. 1612, 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672, 

40 1677, 1682. 1684, 1686, 1688, 1690, 1692, 1694, 1696, 1698. 1700, 1702, 1704, 1730 to 
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2039. 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 
2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 
2372, 2384 to 2460, 2461 , 2466, 2471 , 2476 or 2481 , or the complement thereof, 

or wherein said insect target gene is an insect orthologue of a gene comprising at least 17 
5 contiguous nucleotides of any of SEQ ID NOs 49 to 158, 275 to 472, 533 to 575, 621 to 767, 813 to 
862, 908 to 1040, 1161 to 1571, 1730 to 2039, 2120 to 2338, 2384 to 2460, or the complement 
thereof. 

The dsRNA regions (or fragments) in the double stranded RNA may be combined as 

follows: 

10 a) when multiple dsRNA regions targeting a single target gene are combined, they may be 

combined in the original order (ie the order in which the regions appear in the target gene) 
in the RNA construct. 

b) alternatively, the original order of the fragments may be ignored so that they are scrambled 
and combined randomly or deliberately in any order into the double stranded RNA 

15 construct, 

c) alternatively, one single fragment may be repeated several times, for example from 1 to 10 
times, e.g. 1, 2. 3, 4, 5. 6, 7. 8, 9 or 10 times, in the ds RNA construct, or 

d) the dsRNA regions (targeting a single or different target genes) may be combined in the 
sense or antisense orientation. 

20 In addition, the target gene(s) to be combined may be chosen from one or more of the 

following categories of genes: 

e) "essential" genes or "pathogenicity genes" as described above encompass genes that are 
vital for one or more target insects and result in a lethal or severe {e.g. feeding, reproduction, 
growth) phenotype when silenced. The choice of a strong lethal target gene results in a 

25 potent RNAi effect. In the RNA constructs of the invention, multiple dsRNA regions targeting 

the same or different (very effective) lethal genes can be combined to further increase the 
potency, efficacy or speed of the RNAi effect in insect control. 

f) "weak" genes encompass target genes with a particularly interesting function in one of the 
cellular pathways described herein, but which result in a weak phenotypic effect when 

30 silenced independently. In the RNA constructs of the Invention, multiple dsRNA regions 

targeting a single or different weak gene(s) may be combined to obtain a stronger RNAi 
effect. - 

g) "insect specific" genes encompass genes that have no substantial homologous counterpart 
in non-insect organisms as can be determined by bioinformatics homology searches, for 

35 example by BLAST searches. The choice of an insect specific target gene results in a 

species specific RNAi effect, with no effect or no substantial (adverse) effect in non-target 
organisms. 

h) "conserved genes" encompass genes that are conserved (at the amino acid level) between 
the target organism and non-target organism(s). To reduce possible effects on non-target 

40 species, such effective but conserved genes are analysed and target sequences from the 
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variable regions of these conserved genes are chosen to be targeted by the dsRNA regions 
in the RNA construct. Here, conservation is assessed at the level of the nucleic acid 
sequence. Such variable regions thus encompass the least conserved sections, at the level 
of the nucleic acid sequence, of the conserved target gene(s). 
5 i) "conserved pathway" genes encompass genes that are involved in the same biological 

pathway or cellular process, or encompass genes that have the same functionality in 
different insect species resulting in a specific and potent RNAi effect and more efficient insect 
control; 

j) alternatively, the RNA constructs according to the present invention target multiple genes 
10 from different biological pathways, resulting in a broad cellular RNAi effect and more efficient 

insect control. 

According to the invention, all double stranded RNA regions comprise at least one strand 
that is complementary to at least part or a portion of the nucleotide sequence of any of the target 
genes herein described. However, provided one of the double stranded RNA regions comprises at 
15 least one strand that is complementary to a portion of the nucleotide sequence of any one of the 
target genes herein described, the other double stranded RNA regions may comprise at least one 
strand that is complementary to a portion of any other insect target gene (including known target 
genes). 

According to yet another embodiment of the present invention there is provided an isolated 

20 double stranded RNA or RNA construct as herein described, further comprising at least one 
additional sequence and optionally a linker. In one embodiment, the additional sequence is chosen 
from the group comprising (i) a sequence facilitating large-scale production of the dsRNA construct; 
(ii) a sequence effecting an increase or decrease in the stability of the dsRNA; (iii) a sequence 
allowing the binding of proteins or other molecules to facilitate uptake of the RNA construct by 

25 insects; (iv) a sequence which is an aptamer that binds to a receptor or to a molecule on the 
surface or in the cytoplasm of an insect to facilitate uptake, endocytosis and/or transcytosis by the 
insect; or (v) additional sequences to catalyze processing of dsRNA regions. In one embodiment, 
the linker is a conditionally self-cleaving RNA sequence, preferably a pH sensitive linker or a 
hydrophobic sensitive linker. In one embodiment, the linker is an intron. 

30 In one embodiment, the multiple dsRNA regions of the double-stranded RNA construct are 

connected by one or more linkers. In another embodiment, the linker is present at a site in the 
RNA construct, separating the dsRNA regions from another region of interest. Different linker types 
for the dsRNA constructs are provided by the present invention. 

In another embodiment, the multiple dsRNA regions of the double- stranded RNA construct 

35 are connected without linkers. 

In a particular embodiment of the invention, the linkers may be used to disconnect smaller 
dsRNA regions in the pest organism. Advantageously, in this situation the linker sequence may 
promote division of a long dsRNA into smaller dsRNA regions under particular circumstances, 
resulting in the release of separate dsRNA regions under these circumstances and leading to more 

40 efficient gene silencing by these smaller dsRNA regions. Examples of suitable conditionally self- 
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cleaving linkers are RNA sequences that are self-cleaving at high pH conditions. Suitable examples 
of such RNA sequences are described by Borda et al. (Nucleic Acids Res. 2003 May 
15;31(10):2595-600), which document is incorporated herein by reference. This sequence 
originates from the catalytic core of the hammerhead ribozyme HH16. 
5 In another aspect of the invention, a linker is located at a site in the RNA construct, 

separating the dsRNA regions from another, e.g. the additional, sequence of interest, which 
preferably provides some additional function to the RNA construct. 

In one particular embodiment of the invention, the dsRNA constructs of the present 
invention are provided with an aptamer to facilitate uptake of the dsRNA by the insect. The aptamer 
10 is designed to bind a substance which is taken up by the insect. Such substances may be from an 
insect or plant origin. One specific example of an aptamer, is an aptamer that binds to a 
transmembrane protein, for example a transmembrane protein of an insect. Alternatively, the 
aptamer may bind a (plant) metabolite or nutrient which is taken up by the insect. 

Alternatively, the linkers are self-cleaving in the endosomes. This may be advantageous 
15 when the constructs of the present invention are taken up by the insect via endocytosis or 
transcytosis, and are therefore compartmentalized in the endosomes of the insect species. The 
endosomes may have a low pH environment, leading to cleavage of the linker. 

The above mentioned linkers that are self-cleaving in hydrophobic conditions are 
particularly useful in dsRNA constructs of the present invention when used to be transferred from 
20 one cell to another via the transit in a cell wall, for example when crossing the cell wall of an insect 
pest organism. 

An intron may also be used as a linker. An "intron" as used herein may be any non-coding 
RNA sequence of a messenger RNA. Particular suitable intron sequences for the constructs of the 
present invention are (1) U-rich (35-45%); (2) have an average length of 100 bp (varying between 
25 about 50 and about 500 bp^which base pairs may be randomly chosen or may be based on known 
intron sequences; (3) start at the 5' end with -AG:GT- or -CG:GT- and/or (4) have at their 3* end - 
AGrGC- or -AG:AA. 

A non-complementary RNA sequence, ranging from about 1 base pair to about 10,000 
base pairs, may also be used as a linker. 

30 Without wishing to be bound by any particular theory or mechanism, it is thought that long 

double-stranded RNAs are taken up by the insect from their immediate environment. Double- 
stranded RNAs taken up into the gut and transferred to the gut epithelial cells are then processed 
within the cell into short double-stranded RNAs, called small interfering RNAs (siRNAs), by the 
action of an endogenous endonuclease. The resulting siRNAs then mediate RNAi via formation of 

35 a multi-component RNase complex termed the RISC or RNA interfering silencing complex. 

In order to achieve down-regulation of a target gene within an insect cell the double- 
stranded RNA added to the exterior of the cell wall may be any dsRNA or dsRNA construct that 
can be taken up into the cell and then processed within the cell into siRNAs, which then mediate 
RNAi, or the RNA added to the exterior of the cell could itself be an siRNA that can be taken up 

40 into the cell and thereby direct RNAi. 
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siRNAs are generally short double-stranded RNAs having a length in the range of from 19 
to 25 base pairs, or from 20 to 24 base pairs. In preferred embodiments siRNAs having 19, 20, 21, 
22, 23, 24 or 25 base pairs, and in particular 21 or 22 base pairs, corresponding to the target gene 
to be down-regulated may be used. However, the invention is not intended to be limited to the use 
5 of such siRNAs. 

siRNAs may include single-stranded overhangs at one or both ends, flanking the double- 
stranded portion. In a particularly preferred embodiment the siRNA may contain 3* overhanging 
nucleotides, preferably two 3* overhanging thymidines (dTdT) or uridines (UU). 3' TT or UU 
overhangs may be included in the siRNA if the sequence of the target gene immediately upstream 

10 of the sequence included in double-stranded part of the dsRNA is AA. This allows the TT or UU 
overhang in the siRNA to hybridise to the target gene. Although a 3* TT or UU overhang may also 
be included at the other end of the siRNA it is not essential for the target sequence downstream of 
the sequence included in double-stranded part of the siRNA to have AA. In this context, siRNAs 
which are RNA/DNA chimeras are also contemplated. These chimeras include, for example, the 

15 siRNAs comprising a double-stranded RNA with 3' overhangs of DNA bases (e.g. dTdT), as 
discussed above, and also double-stranded RNAs which are polynucleotides in which one or more 
of the RNA bases or ribonucleotides, or even ail of the ribonucleotides on an entire strand, are 
replaced with DNA bases or deoxynucleotides. 

The dsRNA may be formed from two separate (sense and antisense) RNA strands that are 

20 annealed together by (non-covalent) basepairing. Alternatively, the dsRNA may have a foldback 
stem-loop or hairpin structure, wherein the two annealed strands of the dsRNA are covalently 
linked. In this embodiment the sense and antisense stands of the dsRNA are formed from different 
regions of single polynucleotide molecule that is partially self-complementary. RNAs having this 
structure are convenient if the dsRNA is to be synthesised by expression in vivo, for example in a 

25 host cell or organism as discussed below, or by in vitro transcription. The precise nature and 
sequence of the "loop" linking the two RNA strands is generally not material to the invention, except 
that it should not impair the ability of the double-stranded part of the molecule to mediate RNAi. 
The features of "hairpin" or "stem-loop" RNAs for use in RNAi are generally known in the art (see 
for example WO 99/53050, in the name of CSIRO, the contents of which are incorporated herein by 

30 reference). In other embodiments of the invention, the loop structure may comprise linker 
sequences or additional sequences as described above. 

The double-stranded RNA or construct may be prepared in a manner known per se. For 
example, double-stranded RNAs may be synthesised in vitro using chemical or enzymatic RNA 
synthesis techniques well known in the art. In one approach the two separate RNA strands may be 

35 synthesised separately and then annealed to form double-strands.ln a further embodiment, double- 
stranded RNAs or constructs may be synthesised by intracellular expression in a host cell or 
organism from a suitable expression vector. This approach is discussed in further detail below. 

The amount of double-stranded RNA with which the insect is contacted is such that 
specific down-regulation of the one or more target genes is achieved. The RNA may be introduced 

40 in an amount which allows delivery of at least one copy per cell. However, in certain embodiments 
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higher doses (e.g., at least 5, 10, 100, 500 or 1000 copies per cell) of double-stranded RNA may 
yield more effective inhibition. For any given insect gene target the optimum amount of dsRNA for 
effective inhibition may be determined by routine experimentation. 

The insect can be contacted with the double-stranded RNA in any suitable manner, 
5 permitting direct uptake of the double-stranded RNA by the insect. For example, the insect can be 
contacted with the double-stranded RNA in pure or substantially pure form, for example an 
aqueous solution containing the dsRNA. In this embodiment, the insect may be simply "soaked" 
with an aqueous solution comprising the double-stranded RNA. In a further embodiment the insect 
can be contacted with the double-stranded RNA by spraying the insect with a liquid composition 
10 comprising the double-stranded RNA. 

Alternatively, the double-stranded RNA may be linked to a food component of the insects, 
such as a food component for a mammalian pathogenic insect, in order to increase uptake of the 
dsRNA by the insect. 

The double-stranded RNA may also be incorporated in the medium in which the insect 
1 5 grows or in or on a material or substrate that is infested by the insect or impregnated in a substrate 
or material susceptible to infestation by insect. 

According to another embodiment, the dsRNA is expressed in a bacterial or fungal cell and 
the bacterial or fungal cell is taken up or eaten by the insect species. 

As illustrated in the examples, bacteria can be engineered to produce any of the dsRNA or 
20 dsRNA constructs of the invention. These bacteria can be eaten by the insect species. When taken 
up, the dsRNA can initiate an RNAi response, leading to the degradation of the target mRNA and 
weakening or killing of the feeding insect. 

Therefore, in a more specific embodiment, said double-stranded RNA or RNA construct is 
expressed by a prokaryotic, such as a bacterial, or eukaryotic, such as a yeast, host cell or host 
25 organism. According to this embodiment, any bacterium or yeast cell that is capable of expressing 
dsRNA or dsRNA constructs can be used. The. bacterium is chosen from the group comprising 
Gram-negative and Gram-positive bacteria, such as, but not limited to, Escherichia spp. (e.g. E. 
coll), Bacillus spp. (e.g. B. thuringiensis), Rhizobium spp., Lactobacillus spp., Lactococcus spp., 
etc.. The yeast may be chosen from the group comprising Saccharomyces spp., etc. 
30 Some bacteria have a very close interaction with the host plant, such as, but not limited to, 

symbiotic Rhizobium with the Legminosea (for example Soy). Such recombinant bacteria could be 
mixed with the seeds (for instance as a coating) and used as soil improvers. 

Accordingly, the present invention also encompasses a cell comprising any of the 
nucleotide sequences or recombinant DNA constructs described herein. The invention further 
35 encompasses prokaryotic cells (such as, but not limited to, gram-positive and gram-negative 
bacterial cells) and eukaryotic cells (such as, but not limited to, yeast cells or plant cells). 
Preferably said cell is a bacterial cell or a yeast cell or an algal cell. 

In other embodiments the insect may be contacted with a composition as described further 
herein. The composition may, in addition to the dsRNA or DNA contain further excipients, diluents 
40 or carriers. Preferred features of such compositions are discussed in more detail below. 
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Alternatively, dsRNA producing bacteria or yeast cells can be sprayed directly onto the 

crops. 

Thus, as described above, the invention provides a host ceil comprising an RNA construct 
and/or a DNA construct and/or an expression construct of the invention. Preferably, the host cell is 
5 a bacterial or yeast cell, but may be a virus for example. A virus such as a baculovirus may be 
utilised which specifically infects insects. This ensures safety for mammals, especially humans, 
since the virus will not infect the mammal, so no unwanted RNAi effect will occur. 

The bacterial cell or yeast cell preferably should be inactivated before being utilised as a 
biological pesticide, for instance when the agent is to be used in an environment where contact 
. 10 with humans or other mammals is likely (such as a kitchen). Inactivation may be achieved by any 
means, such as by heat treatment, phenol or formaldehyde treatment for example, or by 
mechanical treatment. 

In a still alternative embodiment, an inactivated virus, such as a suitably modified 
baculovirus may be utilised in order to deliver the dsRNA regions of the invention for mediating 

1 5 RNAi to the insect pest. 

Possible applications include intensive greenhouse cultures, for instance crops that are 
less interesting from a GMO point of view, as well as broader field crops such as soy. 

This approach has several advantages, eg: since the problem of. possible dicing by a plant 
host is not present, it allows the delivery of large dsRNA fragments into the gut lumen of the 

20 feeding pest; the use of bacteria as insecticides does not involve the generation of transgenic 
crops, especially for certain crops where transgenic variants are difficult to obtain; there is a broad 
and flexible application in that different crops can be simultaneously treated on the same field 
and/or different pests can be simultaneously targeted, for instance by combining different bacteria 
producing distinct dsRNAs. 

25 Another aspect of the present invention are target nucleotide sequences of the insect 

target genes herein disclosed. Such target nucleotide sequences are particularly important to 
design the dsRNA constructs according to the present invention. Such target nucleotide sequences 
are preferably at least 17, preferably at least 18, 19, 20 or 21, more preferably at least 22, 23 or 24 
nucleotides in length. Non-limiting examples of preferred target nucleotide sequences are given in 

30 the examples. 

According to one embodiment, the present invention provides an isolated nucleotide 
sequence encoding a double stranded RNA or double stranded RNA construct as described 
herein. 

According to a more specific embodiment, the present invention relates to an isolated 
35 nucleic acid sequence consisting of a sequence represented by any of SEQ ID NOs 49 to 1 58, 275 
to 472, 533 to 575, 621 to 767, 813 to 862, 908 to 1040, 1 161 to 1571, 1730 to 2039. 2120 to 2338, 
2384 to 2460, or a fragment of at least 17 preferably at least 18, 19, 20 or 21, more preferably at 
least 22, 23 or 24 nucleotides thereof. 

A person skilled in the art will recognize that homologues of these target genes can be 
40 found and that these homologues are also useful in the methods of the present invention. 
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Protein, or nucleotide sequences are likely to be homologous if they show a "significant" 
level of sequence similarity or more preferably sequence identity. Truely homologous sequences 
are related by divergence from a common ancestor gene. Sequence homologues can be of two 
types:(i) where homologues exist in different species they are known as orthologues. e.g. the a- 
5 globin genes in mouse and human are orthologues.(ii) paralogues are homologous genes in within 
a single species, e.g. the a- and P- globin genes in mouse are paralogues 

Preferred homologues are genes comprising a sequence which is at least about 85% or 
87.5%, still more preferably about 90%, still more preferably at least about 95% and most 
preferably at least about 99% identical to a sequence selected from the group of sequences 

10 represented by SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21. 23, 49 to 158. 159, 160-163, 168, 
173, 178, 183, 188, 193, 198, 203, 208, 215. 220, 225, 230. 247. 249. 251. 253, 255, 257. 259. 275 
to 472, 473, 478, 483. 488, 493. 498, 503, 513, 515, 517, 519, 521. 533 to 575, 576, 581, 586. 591, 
596, 601, 603, 605, 607. 609. 621 to 767, 768, 773, 778, 783, 788, 793. 795. 797, 799. 801. 813 to 
862, 863, 868, 873. 878. 883. 888, 890, 892. 894, 896, 908 to 1040. 1041. 1046. 1051. 1056, 1061. 

15 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097. 1099. 
1101. 1103, 1105, 1107. 1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 
1602, 1607, 1612, 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662. 1667, 1672, 
1677, 1682, 1684, 1686, 1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 
2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 2104, 

20 2106, 2108. 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372, 2384 to 
2460, 2461, 2466, 2471, 2476 or 2481, or the complement thereof. Methods for determining 
sequence identity are routine in the art and include use of the Blast software and EMBOSS 
software (The European Molecular Biology Open Software Suite (2000), Rice, P. Longden. I. and 
Bleasby, A. Trends in Genetics 16, (6) pp276— 277). The term "identity" as used herein refers to 

25 the relationship between sequences at the nucleotide level. The expression "% identical" is 
determined by comparing optimally aligned sequences, e.g. two or more, over a comparison 
window wherein the portion of the sequence in the comparison window may comprise insertions or 
deletions as compared to the reference sequence for optimal alignment of the sequences. The 
reference sequence does not comprise insertions or deletions. The reference window is chosen 

30 from between at least 10 contiguous nucleotides to about 50, about 100 or to about 150 
nucleotides, preferably between about 50 and 150 nucleotides. "% identity" is then calculated by 
determining the number of nucleotides that are identical between the sequences in the window, 
dividing the number of identical nucleotides by the number of nucleotides in the window and 
multiplying by 100. 

35 Other homologues are genes which are alleles of a gene comprising a sequence as 

represented by any of SEQ ID NOs 1. 3. 5. 7, 9. 11, 13, 15. 17. 19. 21. 23, 49 to 158. 159, 160- 
163, 168, 173. 178, 183. 188. 193, 198. 203. 208, 215. 220. 225, 230, 247, 249. 251, 253, 255, 
257. 259, 275 to 472, 473. 478, 483. 488, 493. 498. 503. 513, 515, 517, 519, 521, 533 to 575. 576. 
581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 778. 783. 788. 793, 795, 797, 

40 799, 801, 813 to 862, 863, 868. 873, 878. 883. 888, 890. 892, 894, 896, 908 to 1040, 1041, 1046, 
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1051, 1056, 1061, 1071, 1073, 1075, 1077, 1079, 1081, 1083. 1085, 1087. 1089, 1091. 1093, 
1095. 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113. 1161 to 1571, 1572, 1577, 1582, 
1587, 1592, 1597, 1602, 1607. 1612, 1617, 1622, 1627, 1632, 1637, 1642. 1647, 1652, 1657, 
1662, 1667, 1672. 1677. 1682, 1684, 1686, 1688, 1690, 1692, 1694. 1696, 1698. 1700, 1702, 
5 1704, 1730 to 2039, 2040, 2045, 2050. 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 
2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 
2370. 2372, 2384 to 2460, 2461, 2466, 2471, 2476 or 2481. Further preferred homologues are 
genes comprising at least one single nucleotide polymorphism (SNIP) compared to a gene 
comprising a sequence as represented by any of SEQ ID NO 1, 3, 5, 7, 9, 11,13, 15, 17, 19, 21, 

10 23, 49 to 158, 159, 160-163, 168, 173, 178, 183, 188, 193, 198, 203, 208, 215, 220, 225, 230, 247, 
249, 251, 253, 255. 257, 259. 275 to 472, 473, 478, 483, 488, 493, 498, 503, 513, 515, 517, 519. 
521, 533 to 575. 576, 581, 586. 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773. 778, 783, 
788, 793. 795, 797, 799, 801, 813 to 862, 863. 868, 873, 878. 883, 888, 890, 892, 894, 896, 908 to 
1040, 1041, 1046, 1051, 1056, 1061, 1071, 1073, 1075, 1077, 1079. 1081, 1083, 1085, 1087, 

15 1089, 1091, 1093, 1095, 1097, 1099. 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 
1572, 1577, 1582. 1587, 1592, 1597, 1602, 1607, 1612, 1617. 1622, 1627, 1632. 1637, 1642, 
1647, 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686. 1688, 1690, 1692, 1694, 1696, 
1698. 1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 
2085. 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 

20 2364, 2366. 2368. 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 2476 or 2481 . 

According to another embodiment, the invention encompasses target genes which are 
insect orthologues of a gene comprising a nucleotide sequence as represented in any of SEQ ID 
NOs 1, 3. 5, 7, 9, 11. 13, 15, 17, 19, 21, 23. 49 to 158, 159, 160-163, 168, 173, 178, 183, 188, 193, 
198, 203, 208. 215, 220, 225, 230, 247, 249, 251, 253. 255, 257, 259, 275 to 472, 473, 478, 483, 

25 488, 493, 498, 503, 513, 515. 517, 519, 521, 533 to 575, 576. 581, 586, 591, 596, 601, 603, 605, 
607, 609. 621 to 767, 768, 773, 778, 783, 788, 793, 795, 797. 799, 801. 813 to 862, 863, 868, 873, 
878, 883, 888, 890, 892, 894, 896, 908 to 1040, 1041, 1046. 1051, 1056, 1061, 1071, 1073, 1075, 
1077, 1079, 1081, 1083. 1085, 1087, 1089. 1091, 1093, 1095. 1097, 1099, 1101, 1103, 1105, 
1107, 1109, 1111, 1113, 1161 to 1571, 1572, 1577. 1582. 1587, 1592, 1597, 1602, 1607, 1612, 

30 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652. 1657, 1662. 1667, 1672, 1677, 1682, 1684, 
1686, 1688, 1690, 1692, 1694. 1696. 1698, 1700, 1702, 1704, 1730 to 2039. 2040. 2045, 2050, 
2055. 2060. 2065, 2070. 2075. 2080, 2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 
2338, 2339, 2344, 2349. 2354, 2359, 2364, 2366, 2368. 2370. 2372, 2384 to 2460, 2461, 2466, 
2471, 2476 or 2481. By way of example, orthologues may comprise a nucleotide sequence as 

35 represented in any of SEQ ID NOs 49 to 123, 275 to 434. 533 to 562, 621 to 738, 813 to 852, 908 
to 1010, 1161 to 1437, 1730 to 1987, 2120 to 2290, and 2384 to 2438, or a fragment thereof of at 
least 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27 nucleotides. A non-limiting list of insect or 
arachnida orthologues genes or sequences comprising at least a fragment of 17 bp of one of the 
sequences of the invention, is given in Tables 4. 
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According to another embodiment, the . invention encompasses target genes which are 
nematode orthoiogues of a gene comprising a nucleotide sequence as represented in any of 1, 3, 
5. 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168, 173, 178, 183, 188, 193, 198, 203, 
208, 215, 220, 225, 230, 247, 249, 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483, 488. 493, 
498. 503, 513, 515, 517, 519, 521, 533 to 575, 576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 
621 to 767, 768, 773, 778, 783, 788, 793, 795, 797, 799, 601, 813 to 862, 863, 868, 873, 878, 883, 
888, 890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051, 1056. 1061. 1071, 1073, 1075, 1077, 
1079, 1081, 1083, 1085, 1087, 1089, 1091, 1093. 1095, 1097, 1099, 1101, 1103, 1105, 1107, 
1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612, 1617, 
1622, 1627, 1632, 1637, 1642, 1647. 1652, 1657. 1662. 1667, 1672, 1677, 1682, 1684, 1686, 
1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040, 2045. 2050, 2055, 
2060, 2065, 2070, 2075, 2080, 2085. 2090, 2095, 2100, 2102, 2104, 2106, 2108. 2120 to 2338, 
2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 
2476 or 248. By way of example, nematode orthoiogues may comprise a nucleotide sequence as 
represented in any of SEQ ID NOs 124 to 135, 435 to 446, 563 to 564, 739 to 751, 853, 854, 101 1 
to 1025, 1438 to 1473. 1988 to 2001, 2291 to 2298, 2439 or 2440, or a fragment of at least 17. 18, 
19, 20 or 21 nucleotides thereof. According to another aspect, the invention thus encompasses any 
of the methods described herein for controlling nematode growth in an organism, or for preventing 
nematode infestation of an organism susceptible to nematode infection, comprising contacting 
nematode cells with a double-stranded RNA, wherein the double-stranded RNA comprises 
annealed complementary strands, one of which has a nucleotide sequence which is 
complementary to at least part of the nucleotide sequence of a target gene comprising a fragment 
of at least 17, 18, 19, 20 or 21 nucleotides of any of the sequences as represented in SEQ ID NOs 
124 to 135, 435 to 446. 563 to 564, 739 to 751, 853, 854, 1011 to 1025, 1438 to 1473, 1988 to 
2001, 2291 to 2298, 2439 or 2440. whereby the double-stranded RNA is taken up by the nematode 
and thereby "controls growth or prevents infestation. A non-limiting list of nematode orthoiogues 
genes or sequences comprising at least a fragment of 17 bp of one of the sequences of the 
invention, is given in Tables 5. 

According to another embodiment, the invention encompasses target genes which are 
fungal orthoiogues of a gene comprising a nucleotide sequence as represented in any of 1, 3. 5, 7, 
9. 11, 13, 15, 17, 19, 21. 23. 49 to 158, 159, 160-163, 168, 173, 178, 183. 188, 193, 198, 203, 208, 
215, 220, 225. 230. 247, 249, 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483, 488, 493, 498, 
503, 513, 515, 517. 519, 521, 533 to 575, 576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 
767, 768, 773, 778, 783, 788, 793, 795, 797, 799, 801, 813 to 862, 863, 868, 873, 878. 883, 888. 
890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 1071, 1073, 1075, 1077, 1079, 
1081. 1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109. 
1111, 1113. 1161 to 1571. 1572, 1577, 1582, 1587, 1592, 1597, 1602. 1607. 1612, 1617, 1622, 
1627, 1632, 1637, 1642, 1647. 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 1688, 
1690, 1692. 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040. 2045, 2050, 2055, 2060, 
2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108. 2120 to 2338, 2339, 
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2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372. 2384 to 2460, 2461, 2466. 2471, 2476 or 
,2481. By way of example, fungal orthologues may comprise a nucleotide sequence as represented 
in any of SEQ ID NOs 136 to 158, 447 to 472, 565 to 575, 752 to 767, 855 to 862, 1026 to 1040, 
1475 to 1571, 2002 to 2039, 2299 to 2338, 2441 to 2460, or a fragment of at least 17, 18, 19, 20, 
5 21, 22, 23, 24, 25, 26 or 27 nucleotides thereof. According to another aspect, the invention thus 
encompasses any of the methods described herein for controlling fungal growth on a cell or an 
organism, or for preventing fungal infestation of a cell or an organism susceptible to fungal 
infection, comprising contacting fungal cells with a double-stranded RNA, wherein the double- 
stranded RNA comprises annealed complementary strands, one of which has a nucleotide 

10 sequence which is complementary to at least part of the nucleotide sequence of a target gene 
comprising a fragment of at least 17, 18, 19, 20 or 21 nucleotides of any of the sequences as 
represented in SEQ ID NOs 136 to 158, 447 to 472. 565 to 575, 752 to 767, 855 to 862, 1026 to 
1040. 1475 to 1571, 2002 to 2039, 2299 to 2338, 2441 to 2460, whereby the double-stranded RNA 
is taken up by the fungus and thereby controls growth or prevents infestation. A non-limiting list of 

15 fungal orthologues genes or sequences comprising at least a fragment of 17 bp of one of the 
sequences of the invention, is given in Tables 6. 

The term "regulatory sequence" is to be taken in a broad context and refers to a regulatory 
nucleic acid capable of effecting expression of the sequences to which it is operably linked. 

Encompassed by the aforementioned term are promoters and nucleic acids or synthetic 

20 fusion molecules or derivatives thereof which activate or enhance expression of a nucleic acid, so 
called activators or enhancers. The term "operably linked" as used herein refers to a functional 
linkage between the "promoter" sequence and the nucleic acid molecule of interest, such that the 
"promoter" sequence is able to initiate transcription of the nucleic acid molecule to produce the 
appropriate dsRNA. . 

25 A preferred regulatory sequence is a promoter, which may be a constitutive or an inducible 

promoter. Preferred promoters are inducible promoters to allow tight control of expression of the 
. RNA molecules. Promoters inducible through use of an appropriate chemical, such as IPTG are 
preferred. Alternatively, the transgene encoding the RNA molecule is placed under the control of a 
strong constitutive promoter. Preferably, any promoter which is used will direct strong expression of 

30 the RNA. The nature of the promoter utilised may, in part, be determined by the specific host cell 
utilised to produce the RNA. In one embodiment, the regulatory sequence comprises a 
bacteriophage promoter, such as a T7. T3, SV40 or SP6 promoter, most preferably a T7 promoter. 
In yet other embodiments of the present invention, other promoters useful for the expression of 
RNA are used and include, but are not limited to, promoters from an RNA Pol I, an RNA Pol II or an 

35 RNA Pol III polymerase. Other promoters derived from yeast or viral genes may also be utilised as 
appropriate. 

In an alternative embodiment, the regulatory sequence comprises a promoter selected 
from the well known tac, trc and lac promoters. Inducible promoters suitable for use with bacterial 
hosts include (3-lactamase promoter, E. coli A phage PL and PR promoters, and E. coli galactose 
40 promoter, arabinose promoter and alkaline phosphatase promoter.Therefore, the present invention 
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also encompasses a method for generating any of the RNA molecules or RNA constructs of the 
invention. This method comprises the steps of introducing (e.g. by transformation, transfection or 
injection) an isolated nucleic acid or a recombinant (DNA) construct of the invention in a host cell of 
the invention under conditions that allow transcription of said nucleic acid or recombinant (DNA) 
construct to produce the RNA which acts to down regulate a target gene of interest (when the host 
cell is ingested by the target organism or when a host cell or extract derived therefrom is taken up 
by the target organism). 

Optionally, one or more transcription termination sequences or "terminators" may also be 
incorporated in the recombinant construct of the invention. The term "transcription termination 
sequence" encompasses a control sequence at the end of a transcriptional unit, which signals 3' 
processing and poly-adenylation of a primary transcript and termination of transcription. The 
transcription termination sequence is useful to prevent read through transcription such that the 
RNA molecule is accurately produced in or by the host cell. In one embodiment, the terminator 
comprises a T7, T3, SV40 or SP6 terminator, preferably a T7 terminator. Other terminators derived 
from yeast or viral genes may also be utilised as appropriate. 

Additional regulatory elements, such as transcriptional or translational enhancers, may be 
incorporated in the expression construct. 

The recombinant constructs of the invention may further include an origin of replication 
which is required for maintenance and/or replication in a specific cell type. One example is when an 
expression construct is required to be maintained in a bacterial cell as an episomal genetic element 
(e.g. plasmid or cosmid molecule) in a cell. Preferred origins of replication include, but are not 
limited to, f1-ori and colE1 ori. 

The recombinant construct may optionally comprise a selectable marker gene. As used 
herein, the. term "selectable marker gene" includes any gene, which confers a phenotype on a cell 
in which it is expressed to facilitate the identification and/or selection of cells, which are transfected 
or transformed, with a recombinant (expression) construct of the invention. Examples of suitable 
selectable markers include resistance genes against ampicillin (Ampr), tetracycline (Tcr), 
kanamycin (Kanr), phosphinothricin, and chloramphenicol (CAT) gene. Other suitable marker 
genes provide a metabolic trait, for example manA. Visual marker genes may also be used and 
indude for example beta-glucuronidase (GUS), luciferase and green fluorescent protein (GFP). 

In yet other embodiments of the present invention, other promoters useful for the 
expression of dsRNA are used and include, but are not limited to, promoters from an RNA Poll, an 
RNA Polll, an RNA Pollll, T7 RNA polymerase or SP6 RNA polymerase. These promoters are 
typically used for in vitro- production of dsRNA, which dsRNA is then included in an antiinsecticidal 
agent, for example, in an anti-insecticidal liquid, spray or powder. 

Therefore, the present invention also encompasses a method for generating any of the 
double-stranded RNA or RNA constructs of the invention. This method comprises the steps of 

a. contacting an isolated nucleic acid or a recombinant DNA construct of the invention 
with cell-free components; or 
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b. introducing (e.g. . by transformation, transfection or injection) an isolated nudeic acid or 

a recombinant DNA construct of the invention in a cell, 
under conditions that allow transcription of said nucleic acid or recombinant DNA construct 
to produce the dsRNA or RNA construct. 
5 Optionally, one or more transcription termination sequences may also be incorporated in 

the recombinant construct of the invention. The term "transcription termination sequence" 
encompasses a control sequence at the end of a transcriptional unit, which signals 3' processing 
and poly-adenylation of a primary transcript and termination of transcription. Additional regulatory 
elements, such as transcriptional or translational enhancers, may be incorporated in the expression 
1 0 construct. 

The recombinant constructs of the invention may further include an origin of replication 
which is required for maintenance and/or replication in a specific cell type. One example is when an 
expression construct is required to be maintained in a bacterial cell as an episomal genetic element 
(e.g. plasmid or cosmid molecule) in a cell. Preferred origins of replication include, but are not 

15 limited to, f 1 -ori and colE1 orL 

The recombinant construct may optionally comprise a selectable marker gene. As used 
herein, the term "selectable marker gene" includes any gene, which confers a phenotype on a cell 
in which it is expressed to facilitate the identification and/or selection of cells, which are transfected 
or transformed, with an expression construct of the invention. Examples of suitable selectable 

20 markers include resistance genes against ampicillin (Ampr), tetracycline (Tcr), kanamycin (Kanr), 
phosphinothricin, and chloramphenicol (CAT) gene. Other suitable marker genes provide a 
metabolic trait, for example manA. Visual marker genes may also be used and include for example 
beta-glucuronidase (GUS), luciferase and Green Fluorescent Protein (GFP). 

The present invention relates to methods for preventing insect growth on a plant or for 

25 preventing insect infestation of a plant. The plants to be treated according to the methods of the 
invention encompasses plants selected from the group comprising: alfalfa, .apple, apricot, 
artichoke, asparagus, avocado, banana, barley, beans, beet, blackberry, blueberry, broccoli, 
brussel sprouts, cabbage, canola, carrot, cassava,, cauliflower, a cereal, celery, cherry, citrus, 
clemintine, coffee, com, cotton, cucumber, eggplant, endive, eucalyptus, figes, grape, grapefruit, 

30 groundnuts, ground cherry, kiwifruit, lettuce, leek, lemon, lime, pine, maize, mango, melon, millet, 
mushroom, nut aot, okra, onion, orange, an ornamental plant or flower or tree, papaya,, parsley, 
pea, peach, peanut, peat, pepper, persimmon, pineapple, plantain, plum, pomegranate, potato, 
pumpkin, radicchio, radish, rapeseed, raspberry, rice, rye, sorghum, soy, soybean, spinach, 
strawberry, sugarbeet, sugargcane, sunflower, sweet poatao, tangerine, tea, tobacco, tomato, a 

35 vine ; waetermelon, wheat, yams or zucchiniplant; preferably a potato, eggplant, tomato, pepper, 
tobacco, ground cherry, rice corn or cotton plant), or a seed or tuber (e.g. an alfalfa, apple, apricot, 
artichoke, asparagus, avocado, banana, barley, beans, beet, blackberry, blueberry, broccoli, 
brussel sprouts, cabbage, canola, carrot, cassava, cauliflower, a cereal, celery, cherry, citrus, 
clemintine, coffee, corn, cotton, cucumber, eggplant, endive, eucalyptus, figes, grape, grapefruit, 

40 groundnuts, ground cherry, kiwifruit, lettuce, leek, lemon, lime, pine, maize, mango, melon, millet, 
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mushroom, nut aot, okra, onion, orange, an ornamental plant or flower or tree, papaya,, parsley, 
pea, peach, peanut, peat, pepper, persimmon, pineapple, plantain, plum, pomegranate, potato, 
pumpkin, radicchio, radish, rapeseed, raspberry, rice, rye, sorghum, soy, soybean, spinach, 
strawberry, sugarbeet, sugargcane, sunflower, sweet poatao, tangerine, tea, tobacco, tomato, a 
5 vine, waetermelon, wheat, yams and zucchini. 

The amount of targeted RNA which is taken up, preferably by ingestion, by the target 
organism is such that specific down-regulation of the one or more target genes is achieved. The 
RNA may be expressed by the host cell in an amount which allows delivery of at least one copy per 
cell. However, in certain embodiments higher doses (e.g., at least 5, 10, 100, 500 or 1000 copies 

10 per cell of the target organism) of RNA may yield more effective inhibition. For any given target 
gene and target organism the optimum amount of the targeted RNA molecules for effective 
inhibition may be determined by routine experimentation. 

The target organism can be contacted with the host cell expressing the RNA molecule in 
any suitable manner, to permit ingestion by the target organism. Preferably, the host cells 

15 expressing the dsRNA may be linked to a food component of the target organisms in order to 
increase uptake of the dsRNA by the target organism. The host cells expressing the dsRNA may 
also be incorporated in the medium in which the target organism grows or in or on a material or 
substrate that is infested by a pest organism or impregnated in a substrate or material susceptible 
to infestation by a pest organism. 

20 In alternative embodiments, a suitable extract derived from the host cells expressing the 

RNA molecule may be utilised in order to achieve down regulation of a target gene in a target 
organism. Here, the extracts may be derived by any suitable means of lysis of the host cells 
expressing the RNA molecules. For example, techniques such as sonication, French press, 
freeze-thaw and lysozyme treatment (see Sambrook and Russell - Molecular Cloning: A laboratory 

25 manual - third edition and the references provided therein in table 15-4) may be utilised in order to 
prepare a crude host cell extract (lysate). Further purification of the extract may be carried out as 
appropriate provided the ability of the extract to mediate targeted down regulation of target gene 
expression is not adversely affected. Affinity purification may be utilised for example. It may also 
be appropriate to add certain components to the extract, to prevent degradation of the RNA 

30 molecules. For example, RNase inhibitors may be added to the extracts derived from the host cells 
expressing the RNA. In one example, the target organism can be contacted with the host cell 
expressing the RNA in pure or substantially pure form, for example an aqueous solution containing 
the cell extract. In this embodiment, the target organism, especially pest organisms such as 
insects may be simply "soaked" with an aqueous solution comprising the host cell extract. In a 

35 further embodiment the target organism can be contacted with the host cells expressing the RNA 
molecule by spraying the target organism with a liquid composition comprising the cell extract. 

If the method of the invention is used for specifically controlling growth or infestation of a 
specific pest, it is preferred that the RNA expressed in the host cell does not share any significant 
homology with a gene or genes from a non-pest organism, in particular that it does not share any 

40 significant homology with any essential gene of the non-pest organism. Thus, the non-pest 
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organism is typically the organism susceptible to infestation by the pest and which is therefore 
protected from the pest according to the methods of the invention. So, for example, non-pest 
species may comprise a plant or a mammalian species. Preferably, the mammalian species is 
Homo sapiens. The non-target species may also include animals other than humans which may be 
5 exposed to the organism or substrate protected against intestation. Examples include birds which 
may feed on protected plants, and livestock and domestic animals such as cats, dogs, horses, 
cattle, chickens, pigs, sheep etc. In this context, it is preferred that the dsRNA shows less than 
30%, more preferably less that 20%, more preferably less than 10%, and even more preferably 
less than 5% nucleic acid sequence identity with any gene of the susceptible or non-target 

10 organism. Percentage sequence identity should be calculated across the full length of the targetted 
RNA region. If genomic sequence data is available for the organism to be protected according to 
the invention or for any non-target organism, one may cross-check sequence identity with the 
targetted RNA using standard bioinformatics tools. In one embodiment, there is no sequence 
identity between the RNA molecule and a non-pest organism's genes over 21 contiguous 

15 nucleotides, meaning that in this context, it is preferred that 21 contiguous nucleotides of the RNA 
do not occur in the genome of the non-pest organism. In another embodiment, there is less than 
about 10% or less than about 12.5 % sequence identity over 24 contiguous nucleotides of the RNA 
with any nucleotide sequence from a non-pest (susceptible) species. In particular, orthologous 
genes from a non-pest species may be of particular note, since essential genes from the pest 

20 organism may often be targeted in the methods of the invention. Thus, in one embodiment, the 
RNA molecule has less than 12.5% sequence identity with the corresponding nucleotide sequence 
of an orthologous gene from a non-pest species. 

In a further embodiment, the invention relates to a composition for controlling insect growth 
and/or preventing or reducing insect infestation, comprising comprising at least one double- 

25 stranded RNA, wherein said double-stranded RNA comprises annealed complementary strands, 
one of which has a nucleotide sequence which is complementary to at least part of a nucleotide 
sequence of an insect target gene.. The invention also relates to a composition comprising at least 
one of the nucleotide sequence or at least one recombinant DNA construct as described herein. 
The invention also relates to a composition comprising at least one bacterial cell or yeast cell 

30 expressing at least one double stranded RNA or a double stranded RNA construct as described 
herein; or expressing at least one nucleotide sequence or a recombinant DNA construct as 
described herein. Optionally, the composition further comprises at least one suitable carrier, 
excipient or diluent. The target gene may be any target gene described herein. Preferably the 
insect target gene is essential for the viability, growth, development or reproduction of the insect. 

35 In another aspect the invention relates to a composition as described above, wherein the 

insect target gene comprises a sequence which is at least 75%. preferably at least 80%, 85%, 
90%, more preferably at least 95%, 98% or 99% identical to a sequence selected from the group of 
sequences represented by any of SEQ ID NOs 1, 3. 5. 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 
159, 160-163, 168, 173, 178, 183, 188, 193, 198, 203, 208, 215, 220, 225, 230, 240 to 247, 249, 

40 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483, 488, 493, 498, 503, 508 to 513, 515, 517, 519, 
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521, 533 to 575, 576. 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 778, 783, 
788, 793, 795, 797. 799, 801, 813 to 862, 863, 868, 873, 878, 883, 888, 890, 892, 894, 896, 908 to 
1040, 1041, 1046. 1051, 1056, 1061, 1066 to 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 
1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 
1571, 1572, 1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612. 1617, 1622, 1627, 1632, 1637, 
1642, 1647, 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 1688, 1690, 1692, 1694, 
1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 
2080, 2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354. 
2359, 2364, 2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 2476, 2481 or 2486, or the 
complement thereof, or wherein said insect target gene is an insect orthologue of a gene 
comprising at least 17 contiguous nucleotides of. any of SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19, 21, 23, 49 to 158, 159, 160-163, 168, 173, 178, 183, 188, 193, 198, 203. 208, 215, 220, 225, 
230, 240 to 247, 249, 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483, 488. 493, 498, 503, 508 
to 513, 515, 517, 519. 521, 533 to 575, 576, 581, 586, 591, 596, 601. 603. 605, 607, 609, 621 to 
767, 768, 773, 778, 783, 788, 793, 795, 797, 799, 801, 813 to 862, 863, 868, 873, 878, 883, 888, 
890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 1066 to 1071, 1073, 1075, 1077, 
1079, 1081, 1083. 1085, 1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 
1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612, 1617, 
1622, 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 
1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 
2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 
2339, 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 
2476, 2481 or 2486, or the complement thereof. 

The present invention further relates to a composition comprising at least one double- 
stranded RNA, at least one double-stranded RNA construct, at least one nucleotide sequence, at 
least one recombinant DNA construct and/or at least one host cell (e.g. a bacterial or a yeast) 
expressing a dsRNA of the invention, or a virus encoding a dsRNA of the invention, optionally 
further comprising at least one suitable carrier, excipient or diluent. 

The composition may be in any suitable physical form for application to insects. The 
composition may be in solid form (such as a powder, pellet or a bait), liquid form (such as a spray) 
or gel form for example. 

According to a most preferred embodiment, the composition is in a form suitable for 
ingestion by an insect. 

The composition may contain further components which serve to stabilise the dsRNA 
and/or prevent degradation of the dsRNA during prolonged storage of the composition. 

The composition may still further contain components which enhance or promote uptake of 
the dsRNA by the insect. These may include, for example, chemical agents which generally 
promote the uptake of RNA into cells e.g. lipofectamin etc. 

The composition may still further contain components which serve to preserve the viability 
of the host cell during prolonged storage. 
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The composition may be in any suitable physical form for application to insects, to 
substrates, to cells (e.g. plant cells), or to organisms infected by or susceptible to infestation by 
insects. 

In one embodiment, the composition may be provided in the form of a spray. Thus, a 
5 human user can spray the insect or the substrate directly with the composition. 

The present invention thus relates to a spray comprising a composition comprising at least 
one bacterial cell or yeast cell expressing at least one double stranded RNA or a double stranded 
RNA construct as described herein; or expressing at least one nucleotide sequence or a 
recombinant DNA construct as described herein. More specific, the invention relates to a spray as 

10 defined above wherein said bacterial cell comprises at least one of the sequences represented by 
any of SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168, 173, 178, 
183, 188, 193, 198, 203, 208, 215, 220, 225, 230, 240 to 247, 249, 251, 253, 255, 257, 259, 275 to 
472, 473, 478, 483, 488, 493, 498, 503, 508 to 513, 515, 517, 519, 521, 533 to 575, 576, 581. 586, 
591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 778, 783, 788, 793, 795, 797, 799, 801, 

15 813 to 862, 863, 868, 873, 878, 883, 888, 890, 892, 894, 896, 908 to 1040, 1041, 1046. 1051, 
1056, 1061, 1066 to 1071, 1073, 1075, 1077, 1079. 1081. 1083. 1085, 1087, 1089, 1091, 1093, 
1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113. 1161 to 1571, 1572, 1577, 1582, 
1587. 1592, 1597, 1602, 1607. 1612, 1617, 1622, 1627, 1632. 1637, 1642. 1647, 1652, 1657, 
1662, 1667, 1672, 1677. 1682, 1684, 1686, 1688, 1690, 1692, 1694, 1696. 1698, 1700, 1702, 

20 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080 , 2085, 2090, 2095, 
2100. 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344 , 2349, 2354, 2359, 2364, 2366, 2368, 
2370, 2372, 2384 to 2460, 2461 , 2466, 2471, 2476, 2481 or 2486, or a fragment thereof of at least 
17 contiguous nucleotides. Preferably, said spray comprisesat least one of the sequences 
represented by any of SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15. 17, 19, 21, 23, 49 to 158, 159, 160- 

25 - 163, 168, 173, 178, 183, 188, 193, 198, 203, 208, 215, 220. 225. 230. 240 to 247, 249, 251, 253. 
255. 257, 259, 275 to 472, 473, 478, 483. 488, 493, 498, 503. 508 to 513, 515, 517, 519, 521, 533 
to 575, 576, 581, 586, 591, 596, 601. 603, 605, 607. 609, 621 to 767, 768, 773, 778, 783, 788, 793, 
795, 797, 799, 801, 813 to 862, 863. 868, 873, 878, 883, 888, 890, 892. 894, 896, 908 to 1040, 
1041, 1046, 1051, 1056, 1061. 1066 to 1071, 1073, 1075. 1077, 1079, 1081, 1083/1085, 1087, 

30 1089, 1091, 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 
1572, 1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612, 1617, 1622, 1627, 1632, 1637, 1642, 
1647, 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 1688, '1690. 1692, 1694. 1696, 
1698, 1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070. 2075. 2080. 
2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 

35 2364, 2366, 2368, 2370. 2372, 2384 to 2460, 2461, 2466, 2471, 2476, 2481 or 2486, or a fragment 
thereof of at least 17 contiguous nucleotides. 

The invention also relates to a spray comprising at least one composition or comprising at 
least one host cell as described herein, and further at least one adjuvant and optionally at least one 
surfactant 
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The effectiveness of a pesticide may depend on the effectiveness of the spray application. 
Adjuvants can minimize or eliminate many spray application problems associated with pesticide 
stability, solubility, incompatibility, suspension, foaming, drift, evaporation, volatilization, 
degradation, adherence, penetration, surface tension, and coverage. Adjuvants are designed to 
perform specific functions, including wetting, spreading, sticking, reducing evaporation, reducing 
volatilization, buffering, emulsifying, dispersing, reducing spray drift, and reducing foaming. No 
single adjuvant can perform all these functions, but different compatible adjuvants often can be 
combined to perform multiple functions simultaneously. These chemicals, also called wetting 
agents and spreaders, physically alter the surface tension of a spray droplet. For a pesticide to 
perform its function properly, a spray droplet must be able to wet the foliage and spread out evenly 
over a leaf. Surfactants enlarge the area of pesticide coverage, thereby increasing the pest's 
exposure to the chemical. Surfactants are particularly important when applying a pesticide to waxy 
or hairy leaves. Without proper wetting and spreading, spray droplets often run off or fail to 
adequately cover these surfaces. Too much surfactant, however, can cause excessive runoff or 
deposit loss, thus reducing pesticide efficacy. Pesticide formulations often contain surfactants to 
improve the suspension of the pesticide's active ingredient. This is especially true for emulsifiable 
concentrate (EC) formulations. 

As used herein the term •adjuvant" means any nonpesticide material added to a pesticide 
product or pesticide spray mixture to improve the mixing and stability of the products in the spray 
tank and the application. As further used herein the term "surfactanfmeans a chemical that 
modifies surface tension. Surfactants can influence the wetting and spreading of liquids, and can 
modify the dispersion, suspension, or precipitation of a pesticide in water. There are nonionic 
surfactants (no electrical charge), anionic surfactants (negative charge), and cationic surfactants 
(positive charge) 

In particular embodiments the host cells comprised in the spray are inactivated, for 
instance by heat inactiviation or mechanical disruption (as discussed in greater detail herein). 

The nature of the excipients and the physical form of the composition may vary depending 
upon the nature of the substrate that it is desired to treat. For example, the composition may be a 
liquid that is brushed or sprayed onto or imprinted into the material or substrate to be treated, or a 
coating or powder that is applied to the material or substrate to be treated. Thus, in one 
embodiment, the composition is in the form of a coating on a suitable surface which adheres to, 
and is eventually ingested by an insect which comes into contact with the coating. 

According to a preferred embodiment, the substrate is a plant or crop to be treated against 
insect pest infestation. The composition is then internalized or eaten by the insect, from where it 
can mediate RNA interference, thus controlling the insect The spray is preferably a 
pressurized/aerosolized spray or a pump spray. The particles may be of suitable size such that 
they adhere to the substrate to be treated or to the insect, for example to the exoskeleton, of the 
insect and/or arachnid and may be absorbed therefrom. 

In one embodiment, the composition is in the form of a bait. The bait is designed to lure 
the insect to come into contact with the composition. Upon coming into contact therewith, the 
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composition is then internalised by the insect, by ingestion for example and mediates RNAi to thus 
kill the insect. Said bait may comprise a food substance, such as a protein based food, for example 
fish meal. Boric acid may also be used as a bait. The bait may depend on the species being 
targeted. An attractant may also be used. The attractant may be a pheromone, such as a male or 
female pheremone for example. As an example, the pheromones referred to in the book "Insect 
Pheremones and their use in Pest Management" (Howse et at. Chapman and Hall, 1998) may be 
used in the invention/The attractant acts to lure the insect to the bait, and may be targeted for a 
particular insect or may attract a whole range of insects. The bait may be in any suitable form, such 
as a solid, paste, pellet or powdered form. 

The bait may also be carried away by the insect back to the colony. The bait may then act 
as a food source for other members of the colony, thus providing an effective control of a large 
number of insects and potentially an entire insect pest colony. This is an advantage associated with 
use of the double stranded RNA or bacteria expressing the dsRNA of the invention, because the 
delayed action of the RNAi mediated effects on the pests allows the bait to be carried back to the 
colony, thus delivering maximal impact in terms of exposure to the insects. 

Additionally, compositions which come into contact with the insects may remain on the 
cuticle of the insect. When cleaning, either an individual insect cleaning itself or insects cleaning 
one another, the compositions may be ingested and can thus mediate their effects in the insect. 
This requires that the composition is sufficiently stable such that the dsRNA or host cells 
expressing dsRNA remain intact and capable of mediating RNAi even when exposed to external 
environmental conditions for a length of time, which may be a period of days for example. 

The baits may be provided in a suitable "housing" or "trap". Such housings and traps are 
commercially available and existing traps may be adapted to include the compositions of the 
invention. Any housing or trap which may attract an insect to enter it is included within the scope of 
the invention. The housing or trap may be box-shaped for example, and may be provided in pre- 
formed condition or may be formed of foldable cardboard for example. Suitable materials for a 
housing or trap include plastics and cardboard, particularly corrugated cardboard. Suitable 
dimensions for such a housing or trap are, for example, 7-15 cm wide, 15-20 cm long and 1-5 cm 
high. The inside surfaces of the traps may be lined with a sticky substance in order to restrict 
movement of the insect once inside the trap. The housing or trap may contain a suitable trough 
inside which can hold the bait in place. A trap is distinguished from a housing because the insect 
can not readily leave a trap following entry, whereas a housing acts as a "feeding station" which 
provides the insect arachnid with a preferred environment in which they can feed and feel safe from 
predators. 

Accordingly, in a further aspect the invention provides a housing or trap for insects which 
contains a composition of the invention, which may incorporate any of the features of the 
composition described herein. 

It is contemplated that the "composition" of the invention may be supplied as a "kit-of-parts" 
comprising the double-stranded RNA in one container and a suitable diluent, excipient or carrier for 
the RNA containing entity (such as a ds RNA or ds RNA construct, ONA construct, expression 
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construct) in a separate container; or comprising the host cell(s) in one container and a suitable 
diluent, excipient, carrier or preservative for the host cell in a separate container. The invention also 
relates to supply of the double-stranded RNA or host cells alone without any further components. In 
these embodiments the dsRNA or host cells may be supplied in a concentrated form, such as a 
5 concentrated aqueous solution, it may even be supplied in frozen form or in freeze-dried or 
lyophilised form. The latter may be more stable for long term storage and may be de-frosted and/or 
reconstituted with a suitable diluent immediately prior to use. 

The present invention further encompasses a method for controlling growth of a pest 
organism and/or for preventing infestation of a susceptible organism by the pest organism on a 

10 substrate comprising applying an effective amount of any of the compositions and/or sprays as 
described herein to said substrate. 

The invention further encompasses a method for treating and/or preventing a disease or 
condition caused by a target organism, comprising administering to a subject in need of such 
treatment and/or prevention, a composition or a spray as described herein, wherein down- 

15 regulation of expression of the target gene in the target organism caused by the composition or 
spray is effective to treat and/or prevent the disease caused by the target organism. A preferred 
target organism is a pest, in particular an insect as described in more detail herein. 

The present invention further relates to the medical use of any of the double-stranded 
RNAs, double-stranded RNA constructs, nucleotide sequences, recombinant DNA constructs or 

20 compositions described herein. 

Insects and other Arthropods can cause injury and even death by their bites or stings. 
More people die each year in the United States from bee and wasp stings than from snake bites. 
Many insects can transmit bacteria and other pathogens that cause diseases. During every major 
war between countries, more people have been injured or killed by diseases transmitted by insects 

25 than have been injured or killed by bullets and bombs. Insects that bite man and domestic animals 
are mostly those with piercing-sucking mouthparts, as found in Hemiptera and some Diptera. Much 
of the discomfort from a bite is a result of enzymes that the insect pumps into the victim. Ticks and 
chiggers are different kinds of mites (Class Arachnida) that feed on blood of animals. Ticks can 
also transmit viruses and other pathogens that cause diseases, including Lyme disease and Rocky 

30 Mountain spotted fever. Other kinds of mites can cause mange on humans, dogs, cats, and other 
animals. Order Hemiptera includes bed bugs, kissing bugs, and assassin bugs, all of which have 
beaks for piercing their hosts. The most painful bites among all insects are those of assassin bugs. 
Kissing bugs are involved in causing Chagas disease in Central and South America. The 
caterpillars of some moths can "sting/ The Diptera are the most important order of insects that 

35 affect people. Biting flies include many species of mosquitoes, black flies, biting gnats, horse flies, 
and others. Many of these biting flies are transmitters of diseases, such as the tse-tse fly that 
transmits African sleeping sickness. Flies with sponging mouthparts. such as the house fly. also 
transmit bacteria and other pathogens that cause typhoid fever and other diseases. Screwworms 
and maggots of both flies are fly larvae that invade living tissue of animals. Mosquitoes transmit 

40 pathogens that cause malaria, yellow fever, encephalitis, and other diseases. Malaria is caused by 
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a protozoan parasite that lives part of its life cycle in the Anopheles mosquitoes and part of its cycle 
in humans. Plague, also known as bubonic plague or black death, is caused by bacteria that infect 
rats and other rodents. The main transmitter of this disease to humans is the Oriental rat flea 
(Order Siphonaptera). Many bees, wasps, and ants (Order Hymenoptera) can cause pain and even 
5 death by their stinging. Deaths usually are a result of allergic reactions to the venom. Other major 
stingers include hornets, yellow jackets, and paper wasps. The Africanized honey bee, or "killer" 
bee is a strain of our domesticated honey bee. The two strains are almost identical in appearance. 
However, the Africanized strain is much more aggressive and will attack in larger numbers. 

In one specific embodiment, the composition is a pharmaceutical or veterinary composition 

10 for treating or preventing insect disease or infections of humans or animals, respectively. Such 
compositions will comprise at least one double- stranded RNA or RNA construct, or nucleotide 
sequence or recombinant DNA construct encoding the double-stranded RNA or RNA construct, 
wherein the double-stranded RNA comprises annealed complementary strands, one of which has a 
nucleotide sequence which corresponds to a target nucleotide sequence of an insect target gene 

15 that causes the disease or infection, and at least one carrier, excipient or diluent suitable for 
pharmaceutical use. 

The composition may be a composition suitable for topical use, such as application on the 
skin of an animal or human, for example as liquid composition to be applied to the skin as drops, 
gel, aerosol, or by brushing, or a spray, cream, ointment, etc. for topical application or as 
20 transdermal patches. 

Alternatively, the insect dsRNA is produced by bacteria (e.g. lactobacillus) or fungi (e.g. 
Sacharomyces spp.) which can be included in food and which functions as an oral vaccine against 
the insect infection. 

Other conventional pharmaceutical dosage forms may also be produced, including tablets, 

25 capsules, pessaries, transdermal patches, suppositories, etc. The chosen form will depend upon 
the nature of the target insect and hence the nature of the disease it is desired to treat. 

In one specific embodiment, the composition may be a coating, paste or powder that can 
be applied to a substrate in order to protect said substrate from infestation by insects and/or 
arachnids, in this embodiment, the composition can be used to protect any substrate or material 

30 that is susceptible to infestation by or damage caused by the insect, for example foodstuffs and 
other perishable materials, and substrates such as wood. Houses and other wood products can be 
destroyed by termites, powder post beetles, and carpenter ants. The subterranean termite and 
Formosan termite are the most serious pests of houses in the southern United States and tropical 
regions. Any harvested plant or animal product can be attacked by insects. Flour beetles, grain 

35 weevils, meal moths and other stored product pests will feed on stored grain, cereals, pet food, 
powdered chocolate, and almost everything else in the kitchen pantry that is not protected. Larvae 
of clothes moths eat clothes made from animal products, such as fur, silk and wool. Larvae of 
carpet beetles eat both animal and plant products, including leather, fur, cotton, stored grain, and 
even museum specimens. Book lice and silverfish are pests of libraries. These insects eat the 

40 starchy glue in the bindings of books. Other insects that have invaded houses include cockroaches 
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which eat almost anything. Cockroaches are not known to be a specific transmitter of disease, but 
they contaminate food and have an unpleasant odor. They are very annoying, and many pest 
control companies are kept busy in attempts to control them. The most common cockroaches in 
houses, grocery stores, and restaurants include the German cockroach, American cockroach, 
5 Oriental cockroach, and brown banded cockroach. 

The nature of the excipients and the physical form of the composition may vary depending 
upon the nature of the substrate that is desired to treat. For example, the composition may be a 
liquid that is brushed or sprayed onto or imprinted into the material or substrate to be treated, or a 
coating that is applied to the material or substrate to be treated. 

10 The present invention further encompasses a method for treating and/or preventing insect 

infestation on a substrate comprising applying an effective amount of any of the compositions or 
sprays as described herein to said substrate. 

The invention further encompasses a method for treating and/or preventing an insect 
disease or condition, comprising administering to a subject in need of such treatment and/or 

15 prevention, any of the compositions or sprays as herein described comprising at least one double- 
stranded RNA or double stranded RNA construct comprising annealed complementary strands, 
one of which has a nucleotide sequence which is complementary to at least part of a nucleotide 
sequence of an insect target gene of the insect that causes the insect disease or condition. 
According to a more specific embodiment, said composition or spray to be administered comprises 

20 and/or expressing at least one bacterial cell or yeast cell expressing at least one double stranded 
RNA or double stranded RNA construct as described herein; or comprising and/or expressing at 
least one nucleotide sequence or recombinant DNA construct as described herein, said RNA or 
nucleotide sequence being complementary to at least part of a nucleotide sequence of an insect 
target gene of the insect that causes the insect disease or condition. 

25 In another embodiment of the invention the compositions are used as a insecticide for a 

plant or for propagation or reproductive material of a plant, such as on seeds. As an example, the 
composition can be used as an insecticide by spraying or applying it on plant tissue or spraying or 
mixing it on the soil before or after emergence of the plantiets. 

In yet another embodiment, the present invention provides a method for treating and/or 

30 preventing insect growth and/or insect infestation of a plant or propagation or reproductive material 
of a plant, comprising applying an effective amount of any of the compositions or sprays herein 
described to a plant or to propagation or reproductive material of a plant. 

In another embodiment the invention relates to the use of any double-stranded RNA or 
RNA construct, . or nucleotide sequence or recombinant DNA construct encoding the double- 

35 stranded RNA or RNA construct, or at least one host cell (e.g. a bacterial or a yeast) expressing a 
dsRNA of the invention, or a virus encoding a dsRNA described herein, or to any of the 
compositions or sprays comprising the same, used for controlling insect growth; for preventing 
insect infestation of plants susceptible to insect infection; or for treating insect infection of plants. 
Specific plants to be treated for insect infections caused by specific insect species are as described 

40 earlier and are encompassed by the said use 
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In a more specific embodiment, the invention relates to the use of a spray comprising at 
least one host cell or at least one host cell (e.g. a bacterial or a yeast) expressing a dsRNA of the 
invention, or a virus encoding a dsRNA described herein, or to any of the compositions comprising 
the same, for controlling insect growth; for preventing insect infestation of plants susceptible to 
5 insect infection; or for treating insect infection of plants. Preferably said host cell comprises at least 
one of the sequences represented by any of SEQ ID NOs 1, 3, 5, 7, 9, 11, 13. 15, 17, 19, 21, 23, 
49 to 158, 159. 160-163, 168, 173, 178, 183, 188, 193, 198. 203, 208, 215, 220, 225, 230, 240 to 
247, 249, 251, 253. 255. 257, 259. 275 to 472, 473. 478, 483, 488. 493. 498, 503, 508 to 513, 515, 
517, 519, 521, 533 to 575, 576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773. 

10 778, 783, 788, 793, 795, 797, 799, 801. 813 to 862, 863, 868, 873, 878, 883, 888. 890, 892, 894, 
896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 1066 to 1071, 1073, 1075, 1077, 1079, 1081, 
1083, 1085. 1087, 1089. 1091. 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 
1113, 1161 to 1571, 1572, 1577, 1582. 1587, 1592, 1597, 1602, 1607. 1612. 1617. 1622, 1627, 
1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 1688, 1690, 

15 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055. 2060. 2065, 
2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 
2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372. 2384 to 2460. 2461, 2466, 2471, 2476, 2481 or 
2486, or a fragment thereof of at least 17 contiguous nucleotides. 

In a further aspect, the invention also provides combinations of methods and compositions 

20 for preventing or protecting plants from pest infestation. For instance, one means provides using a 
combination of the transgenic approach with methods using double stranded RNA molecules and 
compositions with one or more Bt insecticidal proteins or chemical (organic) compounds that are 
toxic to the target pest. Another means provides using the transgenic approach combining methods 
using expression of double stranded RNA molecules in bacteria or yeast and expression of such Bt 

25 insecticidal proteins in the same or in distinct bacteria or yeast. According to these approaches, for 
instance, one insect can be targeted or killed using the RNAi-based method or technology, while 
the other insect can be targeted or killed using the Bt insecticide or the chemical (organic) 
insecticide. 

Therefore the invention also relates to any of the compositions, sprays or methods for 
30 treating plants described herein, wherein said composition comprises a bacterial cell or yeast 
expressing said RNA molecule and further comprises a pesticidal agent or comprises a bacterial 
cell or yeast cell comprising or expressing a pesticidal agent (the bacterial or yeast cell can be the 
same or different from the first ones mentioned), said pesticidal agent selected from the group 
consisting of a chemical (organic) insecticide, a patatin, a Bacillus thuringiensis insecticidal protein, 
35 a Xenorhabdus insecticidal protein, a Photorhabdus insecticidal protein, a Bacillus laterosporous 
insecticidal protein, and a Bacillus sphearicus insecticidal protein. Preferably said Bacillus 
thuringiensis insecticidal protein is selected from the group consisting of a Cry1, a Cry3, a TIC851, 
a CryET170, a Cry22, a binary insecticidal protein CryET33 and CryET34, a binary insecticidal 
protein CryET80 and CryET76, a binary insecticidal protein TIC100 and TIC101, and a binary 
40 • insecticidal protein PS149B1. 
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The spray can be used in a greenhouse or on the field. Typical application rates far 
bacteria-containing biopestides (e.g. as an emulsifiable suspension) amount to 25-100 liters/ha 
(10-40 liters/acre) for water based sprays: comprising about 2.5-5 liter of formulated product 
(emulsifiable suspension) per hectare with the formulated product including about 25% (v/v) of 
5 'bacterial cells* plus 75% (v/v) 'other ingredients'. The amount of bacterial cells are measured in 
units, e.g. one unit is defined as 10 9 bacterial cells in 1ml. Depending on the crop density per 
hectare and the leaf surface per plant, one liter of formulated product comprises between 0.001 
and 10000 units of bacteria, preferably at least 0.001, 0.003, 0.005, 0.007, 0.01, 0.03, 0.05, 0.07, 
0.1, 0.3, 0.5, 0.7, more preferably at least 1, 3, 5, 7, 10, 30,' 50, 70, 100, 300, 500, 700, or more 
10 preferably at least 1000, 3000, 5000, 7000 or 10000 units of bacteria. 

For instance, typical plant density for potato crop plants is approximately 4.5 plants per 
square meter or 45.000 plants per hectare (planting in rows with spacing between rows at 75 cm 
and spacing between plants within rows at 30 cm). The present invention thus relates to a spray 
comprising at least 0.001, 0.003, 0.005. 0.007, 0.01, 0.03, 0.05, 0.07, 0.1, 0.3, 0.5. 0.7, more 
15 preferably at least 1, 3, 5, 7, 10, 30, 50, 70, 100, 300, 500, 700, or more preferably at least 1000, 
3000, 5000, 7000 or 10000 units of bacteria expressing at least one of the dsRNA molecules or 
dsRNA constructs described herein. 

The invention further relates to a kit comprising at least one double stranded RNA, or 
double stranded RNA construct, or nucleotide sequence, or recombinant DNA construct, or host 
20 cell, or composition or spray as described earlier for treating insect infection in plants. The kit may 
be supplied with suitable instructions for use. The instructions may be printed on suitable 
packaging in which the other components are supplied or may be provided as a separate entity, 
which may be in the form of a sheet or leaflet for example. The instructions may be rolled or folded 
for example when in a stored state and may then be unrolled and unfolded to direct use of the 
25 remaining components of the kit. 

The invention will be further understood with reference to the following non-limiting 
examples. 

Brief Description of Figures and Tables 

30 Figure 1-LD: Survival of L decemlineata on artificial diet treated with dsRNA. Insects of 

the second larval stage were fed diet treated with 50 pi of topically-applied solution of dsRNA 
(targets or gfp control). Diet was replaced with fresh diet containing topically-applied dsRNA after 7 
days. The number of surviving insects were assessed at days 2, 5, 7, 8, 9, & 13. The percentage of 
surviving larvae was calculated relative to day 0 (start of assay). Target LD006: (SEQ ID NO 178); 

35 Target LD007 (SEQ ID NO 183); Target LD010 (SEQ ID NO 188); Target LD011 (SEQ ID NO 193); 
Target LD014 (SEQ ID NO 198); gfp dsRNA (SEQ ID NO 235). 

Figure 2-LD: Survival of L. decemlineata on artificial diet treated with dsRNA. Insects of 
the second larval stage were fed diet treated with 50 ul of topically-applied solution of dsRNA 
(targets or gfp control). Diet was replaced with fresh diet only after 7 days. The number of surviving 
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insects was assessed at days 2, 5, 6, 7, 8, 9, 12, & 14. The percentage of surviving larvae was 
calculated relative to day 0 (start of assay). Target LD001 (SEQ ID NO 163); Target LD002 (SEQ 
ID NO 168); Target LD003 (SEQ ID NO 173); Target LD015 (SEQ ID NO 215); Target LD016 (SEQ 
ID NO 220); gfp dsRNA (SEQ ID NO 235). 

5 Figure 3-LD: Average weight of L decemiineata larvae on potato leaf discs treated with 

dsRNA. Insects of the second larva! stage were fed leaf discs treated with 20 pi of a topically- 
applied solution (10 ng/ul) of dsRNA (target LD002 or gfp). After two days the insects were 
transferred on to untreated leaves every day. 

Figure 4-LD: Survival of L. decemiineata on artificial diet treated with shorter versions of 
10 target LD014 dsRNA and concatemer dsRNA. Insects of the second larval stage were fed diet 
treated with 50 ul of topically-applied solution of dsRNA (gfp or targets). The number of surviving 
insects were assessed at days 3, 4, 5, 6, & 7. The percentage of surviving larvae were calculated 
relative to day 0 (start of assay). 

Figure 5-LD: Survival of L. decemiineata larvae on artificial diet treated with different 
15 concentrations of dsRNA of target LD002 (a), target LD007 (b), target LD010 (c), target LD011 (d), 
target LD014 (e), target LD015 (f). LD016 (g) and target LD027 (h). Insects of the second larval 
stage were fed diet treated with 50 ul of topically-applied solution of dsRNA. Diet was replaced with 
fresh diet containing topically-applied dsRNA after 7 days. The number of surviving insects were 
assessed at regular intervals. The percentage of surviving larvae were calculated relative to day 0 
20 (start of assay). 

Figure 6-LD. Effects of E coli strains expressing dsRNA target LD010 on survival of larvae 
of the Colorado potato beetle, Leptinotarsa decemiineata, over time. The two bacterial strains were 
tested in separate artificial diet-based bioassays: (a) AB301-105(DE3); data points for pGBNJ003 
and pGN29 represent average mortality values from 5 different bacterial clones, (b) BL21(DE3); 
25 data points for pGBNJ003 and pGN29 represent average mortality values from 5 different and one 
single bacterial clones, respectively. Error bars represent standard deviations. 

Figure 7-LD. Effects of different clones of £ coli strains (a) AB301-105(DE3) and (b) 
BL21(DE3) expressing dsRNA target LD010 on survival of larvae of the Colorado potato beetle, 
Leptinotarsa decemiineata, 12 days post infestation. Data points are average mortality values for 
30 each clone for pGN29 and pGBNJ003. Clone 1 of AB301-105(DE3) harboring plasmid pGBNJ003 
showed 100% mortality towards CPB at this timepoint. Error bars represent standard deviations. 

Figure 8-LD. Effects of different clones of £ coli strains (a) AB301-105(DE3) and (b) 
BL21(DE3) expressing dsRNA target LD010 on growth and development of larval survivors of the 
Colorado potato beetle, Leptinotarsa decemiineata, 7 days post infestation. Data points are % 
35 average larval weight values for each clone (one clone for pGN29 and five clones for pGBNJ003) 
based on the data of Table 10. Diet only treatment represents 100% normal larval weight. 
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Figure 9-LD. Survival of larvae of the Colorado potato beetle, Leptinotarsa decemlineata, 
on potato plants sprayed by double-stranded RNA-producing bacteria 7 days post infestation. 
Number of larval survivors were counted and expressed in terms of % mortality. The bacterial host 
strain used was the RNaselll-deflcient strain AB301-105(DE3). Insect gene target was LD010. 

5 Figure 10-LD. Growth/developmental delay of larval survivors of the Colorado potato 

beetle, Leptinotarsa decemlineata, fed on potato plants sprayed with dsRNA-producing bacteria 11 
days post infestation. The bacterial host strain used was the RNase Ill-deficient strain AB301- 
■ 105(DE3). Data figures represented as percentage of normal larval weight; 100 % of normal larval 
weight given for diet only treatment. Insect gene target was LD010. Error bars represent standard 
10 deviations. 

Figure 11-LD. Resistance to potato damage caused by larvae of the Colorado potato 
beetle, Leptinotarsa decemlineata, by double-stranded RNA-producing bacteria 7 days post 
infestation. Left, plant sprayed with 7 units of bacteria AB301-105(DE3) containing the pGN29 
plasmid; right, plant sprayed with 7 units of bacteria AB301-105(DE3) containing the pGBNJ003 
1 5 plasmid. One unit is defined as the equivalent of 1 ml of a bacterial suspension at OD value of 1 at 
600 nm. Insect gene target was LD010. 

Figure 12-LD. Survival of L. decemlineata adults on potato leaf discs treated with dsRNA. 
Young adult insects were fed double-stranded-RNA-treated leaf discs for the first two days and 
were then placed on untreated potato foliage. The number of surviving insects were assessed 
20 regularly; mobile insects were recorded as insects which were alive and appeared to move 
normally; moribund insects were recorded as insects which were alive but appeared sick and slow 
moving - these insects were not able to right themselves once placed on their backs. Target 
LD002 (SEQ ID NO 168); Target LD010 (SEQ ID NO 188); Target LD014 (SEQ ID NO 198); Target 
LD016 (SEQ ID NO 220); gfp dsRNA (SEQ ID NO 235). 

25 Figure 13-LD. Effects of bacterial produced target double-stranded RNA against larvae of 

L. decemlineata. Fifty ul of an OD 1 suspension of heat-treated bacteria AB301-105 (DE3) 
expressing dsRNA (SEQ ID NO 188) was applied topically onto the solid artificial diet in each well 
of a 48-well plate. CPB larvae at L2 stage were placed in each well. At day 7, a picture was taken 
of the CPB larvae in a plate containing (a) diet with bacteria expressing target 10 double- stranded 

30 RNA, (b) diet with bacteria harboring the empty vector pGN29, and, (c) diet only. 

Figure 14-LD Effects on CPB larval survival and growth of different amounts of inactivated 
E. coli AB301-105(DE3) strain harboring plasmid pGBNJ003 topically applied to potato foliage prior 
to insect infestation. Ten L1 larvae were fed treated potato for 7 days. Amount of bacterial 
suspension sprayed on plants: 0.25 U. 0.08 U, 0.025 U, 0.008 U of target 10 and 0.25 U of pGN29 
35 (negative control; also included is Milli-Q water). One unit (U) is defined as the equivalent bacterial 
amount present in 1 ml of culture with an optical density value of 1 at 600nm. A total volume of 1.6 
ml was sprayed on to each plant. Insect gene target was LD010. 



WO 2007/080127 



PCT/EP2007/000287 



46 

Figure 15-LD Resistance to potato damage caused by CPB larvae by Inactivated E. coli 
. AB301-105(DE3) strain harboring plasmid pGBNJ003 seven days post infestation, (a) water, (b) 
0.25 U E. coli AB301-105(DE3) harboring pGN29 t (c) 0.025 U £ coli AB301-105(OE3) harboring 
pGBNJ003, (d) 0.008 U £ coli AB301-105(DE3) harboring pGBNJ003. One unit (U) is defined as 
5 the equivalent bacterial amount present in 1 mi of culture with an optical density value of 1 at 
600nm. A total volume of 1 .6 ml was sprayed on to each plant. Insect gene target was LD010. 

Figure 1-PC: Effects of ingested target dsRNAs on survival and growth of P. cochleariae 
larvae. Neonate larvae were fed oilseed rape leaf discs treated with 25 ul of topically-applied 
solution of 0.1 ug/ul dsRNA (targets or gfp control). Afer 2 days, the insects were transferred onto 

10 fresh dsRNA-treated leaf discs. At day 4, larvae from one replicate for every treatment were 
collected and placed in a Petri dish containing fresh untreated oilseed rape foliage. The insects 
were assessed at days 2, 4, 7, 9 & 1 1. (a) Survival of £ varivestis larvae on oilseed rape leaf discs 
treated with dsRNA. The percentage of surviving larvae was calculated relative to day 0 (start of 
assay), (b) Average weights of P. cochleariae larvae on oilseed rape leaf discs treated with 

15 dsRNA. Insects from each replicate were weighed together and the average weight per larva 
determined. Error bars represent standard deviations. Target 1: SEQ ID NO 473; target 3: SEQ ID 
NO 478; target 5: SEQ ID NO 483 -; target 10: SEQ ID NO 488; target 14: SEQ ID NO 493; target 
16: SEQ ID NO 498; target 27: SEQ ID NO 503; gfp dsRNA: SEQ ID NO 235. 

Figure 2- PC: Survival of P. cochleariae on oilseed rape leaf discs treated with different 
20 concentrations of dsRNA of (a) target PC010 and (b) target PC027. Neonate larvae were placed on 
leaf discs treated with 25 pi of topically-applied solution of dsRNA. Insects were transferred to fresh 
treated leaf discs at day 2. At day 4 for target PC010 and day 5 for target PC027, the insects were 
transferred to untreated leaves. The number of surviving insects were assessed at days 2, 4, 7, 8, 
9 & 1 1 for PC010 and 2, 5. 8, 9 & 12 for PC027. The percentage of surviving larvae was calculated 
25 relative to day 0 (start of assay). 

Figure 3-PC: Effects of £ coli strain AB301-105(DE3) expressing dsRNA target PC01 0 on 
survival of larvae of the mustard leaf beetle, P. cochleariae, over time. Data points for each 
treatment represent average mortality values from 3 different replicates. Error bars represent 
standard deviations. Target 10: SEQ ID NO 488 

30 Figure 1-EV: Survival of £ varivestis larvae on bean leaf discs treated with dsRNA. 

Neonate larvae were fed bean leaf discs treated with 25 pi of topically-applied solution of 1 ug/ul 
dsRNA (targets or gfp control). Afer 2 days* the insects were transferred onto fresh dsRNA-treated 
leaf discs. At day 4, larvae from one treatment were collected and placed in a plastic box 
containing fresh untreated bean foliage. The insects were assessed for mortality at days 2, 4, 6, 8 

35 & 10. The percentage of surviving larvae was calculated relative to day 0 (start of assay). Target 5: 
SEQ ID NO 576; target 10: SEQ ID NO 586; target 15: SEQ ID NO 591; target 16: SEQ ID NO 596; 
gfp dsRNA: SEQ ID NO 235. 
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Figure 2-EV; Effects of ingested target dsRNAs on surival of £ varivestis adults and 
resistance to snap bean foliar insect damage, (a) Surivival of £ varivestis adults on bean leaf 
treated with dsRNA. Adults were fed bean leaf discs treated with 75 pi of topically-applied solution 
of 0.1 ug/ul dsRNA (targets or gfp control). After 24 hours, the insects were transferred onto fresh 
5 dsRNA-treated leaf discs. After a further 24 hours, adults from one treatment were collected and 
placed in a plastic box containing potted fresh untreated whole bean plants. The insects were 
assessed for mortality at days 4, 5, 6, 7, 8, & 1 1. The percentage of surviving adults was calculated 
relative to day 0 (start of assay). Target 10: SEQ ID NO 586; target 15: SEQ ID NO 591 ; target 16: 
SEQ ID NO 596; gfp dsRNA: SEQ ID NO 235. (b) Resistance to bean foliar damage caused by 
1 0 adults of the 5. varivestis by dsRNA. Whole plants containing insects from one treatment (see (a)) 
were checked visually for foliar damage on day 9. (i) target 10; (ii) target 15; (iii) target 16; (iv) gfp 
dsRNA; (v) untreated. 

Figure 1-TC: Survival of T. castaneum larvae on artificial diet treated with dsRNA of target 
14. Neonate larvae were fed diet based on a flour/milk mix with 1 mg dsRNA target 14. Control was 
15 water (without dsRNA) in diet. Four replicates of 10 first instar larvae per replicate were performed 
for each treatment. The insects were assessed for survival as average percentage means at days 
6, 17, 31, 45 and 60. The percentage of surviving larvae was calculated relative to day 0 (start of 
assay). Error bars represent standard deviations. Target TC014: SEQ ID NO 878. 

Figure 1-MP: Effect of ingested target 27 dsRNA on the survival of Myzus persicae 
20 nymphs. First instars were placed in feeding chambers containing 50 ul of liquid diet with 2 ug/ul 
dsRNA (target 27 or gfp dsRNA control). Per treatment, 5 feeding chambers were set up with 10 
instars in each feeding chamber. Number of survivors were assessed at 8 days post start of 
bioassay. Error bars represent standard deviations. Target MP027: SEQ ID NO 1061; gfp dsRNA: 
SEQ ID NO 235. 

25 Figure 1-NL: Survival of Nifaparvata lugens on liquid artificial diet treated with dsRNA. 

Nymphs of the first to second larval stage were fed diet supplemented with 2 mg/ml solution of 
dsRNA targets in separate bioassays: (a) NL002, NL003, NL005. NL010; (b) NL009, NL016; (c) 
NL014, NL018; (d) NL013, NL015, NL021. Insect survival on targets were compared to diet only 
and diet with gfp dsRNA control at same concentration. Diet was replaced with fresh diet containing 

30 dsRNA every two days. The number of surviving insects were assessed every day 

Figure 2-NL: Survival of Nifaparvata lugens on liquid artificial diet treated with different 
concentrations of target dsRNA NL002. Nymphs of the first to second larval stage were fed diet 
supplemented with 1, 0.2, 0.08, and 0.04 mg/ml (final concentration) of NL002. Diet was replaced 
with fresh diet containing dsRNA every two days. The numbers of surviving insects were assessed 
35 every day. 

Examples 

Example 1: Silencing C.e/eqans target genes in C. elegans in High Throughput Screening 
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A C. elegans genome wide library was prepared in the pGN9A vector (WO 01/88121) 
between two identical T7-promoters and terminators, driving its expression in the sense and 
antisense direction upon expression of the T7 polymerase, which was induced by IPTG. 

This library was transformed into the bacterial strain AB301-105 (DE3) in 96 well plate 
5 format. For the genome wide screening, these bacterial cells were fed to the nuclease deficient C. 
elegans nuc-1(e1392) strain. 

Feeding the dsRNA produced in the bacterial strain AB301-105 (DE3), to C. elegans nuc-1 
(e1392) worms, was performed in a 96 well plate format as follows: nuc-1 eggs were transferred to 
a separate plate and allowed to hatch simultaneously at 20 °C for synchronization of the L1 
10 generation. 96 well plates were filled with 100 uL liquid growth medium comprising IPTG and with 
10 uL bacterial cell culture of OD 600 1 AB301-105 (DE3) of the C. elegans dsRNA library carrying 
each a vector with a C. elegans genomic fragment for expression of the dsRNA. To each well, 4 of 
the synchronized L1 worms were added and were incubated at 25 °C for at least 4 to 5 days. 
These experiments were performed in quadruplicate. In the screen 6 controls were used: 
1 5 - pGN29 = negative control, wild type 

pGZ1 = unc-22 = twitcher phenotype 
pGZ18 = chitin synthase = embryonic lethal 
pGZ25 = pos-1 = embryonic lethal 
pGZ59 = bfi-4D = acute lethal 
20 - ACC = acetyl co-enzym A carboxylase = acute lethal 

After 5 days, the phenotype of the C. elegans nuc-1 (e1392) worms fed with the bacteria 
producing dsRNA were compared to the phenotype of worms fed with the empty vector (pGN29) 
and the other controls. The worms that were fed with the dsRNA were screened for lethality (acute 
or larval) lethality for the parent (Po) generation, (embryonic) lethality for the first filial (F1) 
25 generation, or for growth retardation of Po as follows: (i) Acute lethality of Po: L1's have not 
developed and are dead, this phenotype never gives progeny and the well looks quite empty; (ii) 
(Larval) lethality of Po: Po died in a later stage than L1, this phenotype also never gives progeny. 
Dead larvae or dead adult worms are found in the wells; (iii) Lethality for F1: L1 *s have developed 
until adult stage and are still alive. This phenotype has no progeny. This can be due to sterility, 
30 embryonic lethality (dead eggs on the bottom of well), embryonic arrest or larval arrest (eventually 
ends up being lethal): (iv) Arrested in growth and growth retardation/delay: Compared to a well 
with normal development and normal # of progeny. 

For the target sequences presented in Table 1A, it was concluded that dsRNA mediated 
silencing of the C. elegans target gene in nematodes, such as C. elegans, had a fatal effect on the 
35 growth and viability of the worm. 

Subsequent to the above dsRNA silencing experiment, a more detailed phenotyping 
experiment was conducted in C. elegans in a high throughput format on 24 well plates. The 
dsRNA library produced in bacterial strain AB301-105 (DE3), as described above, was fed to C. 
elegans nuc-1 (e1392) worms on 24 well plates as follows: nuc-1 eggs were transferred to a 
40 separate plate and allowed to hatch simultaneously at 20 C for synchronization of the L1 
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generation. Subsequently 100 of the synchronized L1 worms were. soaked in a mixture of 500 uL 
S-complete fed medium, comprising 5 ug/mL cholesterol, 4 uLVmL PEG and 1mM IPTG, and 500 
uL of bacterial cell culture of OD 600 1 AB301-105 (DE3) of the C. elegans dsRNA library carrying 
each a vector with a C. elegans genomic fragment for expression of the dsRNA. The soaked L1 
5 worms were rolled for 2 hours at 25 C. 

After centrifugation and removal of 950 pL of the supernatant, 5 uL of the remaining and 
resuspended pellet (comprising about 10 to 15 worms) was transferred in the middle of each well of 
a 24 well plate, filled with a layer of agar LB broth. The inoculated plate was incubated at 25°C for 
2 days. At the adult stage, 1 adult worm was singled and incubated at 25°C for 2 days for 
10 inspection of its progeny. The other adult worms are inspected in situ on the original 24 well plate. 
These experiments were performed in quadruplicate. 

This detailed phenotypic screen was repeated with a second batch of worms, the only 
difference being that the worms of the second batch were incubated at 20 C for 3 days. 

The phenotype of the worms fed with C. elegans dsRNA was compared to the phenotype of 
15 C. elegans nuc-1 (e1392) worms fed with the empty vector. 

Based on this experiment, it was concluded that silencing the C. elegans target genes as 
represented in Table 1A had a fatal effect on the growth and viability of the worm and that the 
target gene is essential to the viability of nematodes. Therefore these genes are good target genes 
to control (kill or prevent from growing) nematodes via dsRNA mediated gene silencing. 
20 Accordingly, the present invention encompasses the use of nematode orthologues of the above C. 
elegans target gene, to control nematode infestation, such as nematode infestation of plants. 

Example 2: Identification of D. melan oqaster orthologues 

As described above in Example 1, numerous C. elegans lethal sequenes were identified 
25 and can be used for identifying orthologues in other species and genera. For example, the C. 
elegans lethal sequences can be used to identify orthologous D. melanogasters sequences. That 
is, each C. elegans sequence can be querried against a public database, such as GenBank, for 
orthologous sequences in 0. melanogaster. Potential D. melanogaster orthologues were selected 
that share a high degree of sequence homology (E value preferably less than or equal to 1E-30) 
30 and the sequences are blast reciprocal best hits, the latter means that the sequences from different 
organisms (e.g. C. elegans and D. melanogaster) are each other's top blast hits. For example, 
sequence C from C. elegans is compared against sequences in D. melanogaster using BLAST. If 
sequence C has the D. melanogaster sequence D as best hit and when D is compared to all the 
sequences of C. elegans, also turns out to be sequence C, then D and C are reciprocal best hits. 
35 This criterium is often used to define orthology, meaning similar sequences of different species, 
having similar function. The D. melanogaster sequence identifiers are represented in Table 1 A. 

Example 3: Leptinotarsa decemlineata (Colorado potato beetle) 



A. Cloning partial gene sequences from Leptinotarsa decemlineata 
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High quality, intact RNA was isolated from 4 different larval stages of Leptinotarsa 
decemlineata (Colorado potato beetle; source: Jeroen van Schaik, Entocare CV Biologische 
Gewasbescherming, Postbus 162, 6700 AD Wageningen, the Netherlands) using TRIzol Reagent 
(Cat Nr. 15596-026/15596-018, Invitrogen, Rockville, Maryland. USA) following the manufacturer's 
5 instructions. Genomic DNA present in the RNA preparation was removed by DNase treatment 
following the manufacturer's instructions (Cat. Nr. 1700, Promega). cDNA was generated using a 
commercially available kit (Superscript ™ III Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, 
Rockville, Maryland, USA) following the manufacturer's instructions. 

To isolate cDNA sequences comprising a portion of the LD001, LD002, LD003, LD006, 

10 LD007, LD010. LD011, LD014. LD015, LD016, LC018 and LD027 genes, a series of PCR 
reactions with degenerate primers were performed using Amplitaq Gold (Cat. Nr. N8080240, 
Applied Biosystems) following the manufacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 
given in Table 2-LD, which displays Leptintarsa decemlineata target genes including primer 

15 sequences and cDNA sequences obtained. These primers were used in respective PCR reactions 
with the following conditions: 10 minutes at 95°C, followed by 40 cycles of 30 seconds at 95°C, 1 
minute at 55°C and 1 minute at 72°C, followed by 10 minutes at 72 W C. The resulting PCR 
fragments were analyzed on agarose gel, purified (QIAquick Gel Extraction kit, Cat. Nr. 28706. 
Qiagen), cloned into the pCR8/GW/topo vector (Cat. Nr. K2500 20, Invitrogen), and sequenced. 

20 The sequences of the resulting PCR products are represented by the respective SEQ ID NOs as 
given in Table 2-LD and are referred to as the partial sequences. The corresponding partial amino 
acid sequence are represented by the respective SEQ ID NOs as given in Table 3-LD, where the 
start of the reading frame is indicated in brackets. 

B. dsRNA production of the Leptinotarsa decemlineata genes 

25 dsRNA was synthesized in milligram amounts using the commercially available kit T7 

Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

For each of the target genes, the sense T7 template was generated using specific T7 

30 forward and specific reverse primers. The sequences of the respective primers for amplifying the 
sense template for each of the target genes are given in Table 8-LD. The conditions in the PCR 
reactions were as follows: 4 minutes at 95°C, followed by 35 cycles of 30 seconds at 95°C, 30 
seconds at 55°C and 1 minute at 72°C, followed by 10 minutes at 72°C. The anti-sense T7 
template was generated using specific forward and specific T7 reverse primers in a PCR reaction 

35 with the same conditions as described above. The sequences of the respective primers for 
amplifying the anti-sense template for each of the target genes are given in Table 8-LD. The 
resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
(Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCIO, precipitation. The generated 
T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 
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were annealed, DNase and RNase treated, and purified by sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes 
is given in Table 8-LD. Table 8-LD displays sequences for preparing ds RNA fragments of 
Leptinotarsa decemlineata target sequences and concatemer sequences, including primer 
5 sequences. 

C. Screening dsRNA targets using artificial diet for activity against Leptinotarsa 
decemlineata 

Artificial diet for the Colorado potato beetle was prepared as follows (adapted from Gelman 
at a/., 2001, J. Ins. Sc., vol. 1, no. 7, 1-10): water and agar were autoclaved, and the remaining 
10 ingredients (shown in Table A below) were added when the temperature dropped to 55 °C. At this 
temperature, the ingredients were mixed well before the diet was aliquoted into 24-well plates 
(Nunc) with a quantity of 1ml of diet per well. The artificial diet was allowed to solidify by cooling at 
room temperature. Diet was stored at 4 °C for up to three weeks. 



15 Table A: Ingredients for Artificial diet 



Ingredients 


Volume for 1 L 


water 


768ml 


agar 


14g 


rolled oats 


40g 


Torula yeast 


60g 


lactalbumin hydrolysate 


30g 


casein 


10g 


fructose 


20g 


Wesson salt mixture 


4g 


tomato fruit powder 


12.5g 


potato leaf powder 


25g 


b-sitosterol 


ig 


sorbic acid 


0.8g 


methyl paraben 


0.8g 


Vanderzant vitamin mix 


I2g 


neomycin sulfate 


0-2g 


aureomycin 


0.1 30g 


rifampicin 


0.1 30g 


chloramphenicol 


0.1 30g 


nystatin 


0.050g 


soybean oil 


2ml 


wheat germ oil 


2ml 
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Fifty pi of a solution of dsRNA at a concentration of 1 mg/ml was applied topically onto the 
solid artificial diet in the wells of the multiwell plate. The diet was dried in a laminair flow cabin. Per 
treatment, twenty-four Colorado potato beetle larvae (2 nd stage), with two insects per well, were 
tested. The plates were stored in the insect rearing chamber at 25 ± 2 °C, 60 % relative humidity, 
5 with a 16:8 hours light:dark photoperiod. The beetles were assessed as live or dead every 1, 2 or 3 
days. After seven days, for targets LD006, LD007, LD010, LD011, and LD014, the diet was 
replaced with fresh diet with topically applied dsRNA at the same concentration (1 mg/ml); for 
targets LD001, LD002, LD003, LD015, and LD016, the diet was replaced with fresh diet only. The 
dsRNA targets were compared to diet only or diet with topically applied dsRNA corresponding to a 
10 fragment of the GFP (green fluorescent protein) coding sequence (SEQ ID NO 235). 

Feeding artificial diet containing intact naked dsRNAs to L decemfineata larvae resulted in 
significant increases in larval mortalities as indicated in two separate bioassays (Figures 1LD- 
2LD). 

All dsRNAs tested resulted ultimately in 100 % mortality after 7 to 14 days. Diet with or 
1 5 without GFP dsRNA sustained the insects throughout the bioassays with very little or no mortality. 

Typically, in all assays observed, CPB second-stage larvae fed normally on diet with or 
without dsRNA for 2 days and molted to the third larval stage. At this new larval stage the CPB 
were observed to reduce significantly or stop altogether their feeding, with an increase in mortality 
as a result. 

20 D. Bioassay of dsRNA targets using potato leaf discs for activity against the 

Leptlnotarsa decemfineata 

An alternative bioassay method was employed using potato leaf material rather than 
artificial diet as food source for CPB. Discs of approximately 1.1 cm in diameter (or 0.95 cm 2 ) were 
cut out off leaves of 2 to 3-week old potato plants using a suitably-sized cork borer. Treated leaf 

25 discs were prepared by applying 20 pi of a 10 ng/ui solution of target LD002 dsRNA or control gfp 
dsRNA on the adaxial leaf surface. The leaf discs were allowed to dry and placed individually in 24 
wells of a 24-well multiplate (Nunc). A single second-larval stage CPB was placed into each well, 
which was then covered with tissue paper and a multiwell plastic lid. The plate containing the 
insects and leaf discs were kept in an insect chamber at 28°C with a photoperiod of 16h light/8h 

30 dark. The insects were allowed to feed on the leaf discs for 2 days after which the insects were 
transferred to a new plate containing fresh treated leaf discs. Thereafter, the insects were 
transferred to a plate containing untreated leaf discs every day until day 7. Insect mortality and 
weight scores were recorded. 

Feeding potato leaf discs with surface-applied intact naked dsRNA of target LD002 to L 

35 decemlineata larvae resulted in a significant increase in larval mortalities (i.e. at day 7 all insects 
were dead; 100 % mortality) whereas control gfp dsRNA had no effect on CPB survival. Target 
LD002 dsRNA severely affected the growth of the larvae after 2 to 3 days whereas the larvae fed 
with gfp dsRNA at the same concentration developed as normal (Figure 3-LD). 
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E. Screening shorter versions of dsRNAs using artificial diet for activity against 
Leptinotarsa decemlineata 

This example exemplifies the finding that shorter (60 or 100bp) dsRNA fragments on their 
own or as concatemer constructs are sufficient in causing toxicity towards the Colorado potato 
5 beetle. 

LD014, a target known to induce lethality in Colorado potato beetle, was selected for this 
example. This gene encodes a V-ATPase subunit E (SEQ ID NO 15). 

A 100 base pair fragment, LD014_F1, at position 195-294 on SEQ ID NO 15 (SEQ ID NO 
159) and a 60 base pair fragment, LD014_F2, at position 235-294 on SEQ ID NO 15 (SEQ ID NO 
10 1 60) were further selected. See also Table 7-LD. 

Two concatemers of 300 base pairs, LD014_C1 and LD014_C2, were designed (SEQ ID 
NO 161 and SEQ ID NO 162). LD014_C1 contained 3 repeats of the 100 base pair fragment 
described above (SEQ ID NO 159) and LD014_C2 contained 5 repeats of the 60 base pair 
fragment described above (SEQ ID NO 160). See also Table 7-LD. 
15 The fragments LD014_F1 and LD014_F2 were synthesized as sense and antisense 

primers. These primers were annealed to create the double strands DNA molecules prior to 
cloning. Xoal and Xmal restrictions sites were included at the 5' and 3' ends of the primers, 
respectively, to facilitate the cloning. 

The concatemers were made as 300 base pairs synthetic genes. Xoal and Xmal 
20 restrictions sites were included at the 5' and 3' ends of the synthetic DNA fragments, respectively, 
to facitite the cloning. 

The 4 DNA molecules, i.e. the 2 single units (LD014_F1 & LD014_F2) and the 2 
concatemers (LD014_C1 & LD014_C2), were digested with X6al and Xmal and subcloned in 
pBluescriptll SK+ linearised by Xoal and Xmal digests, resulting in recombinant plasmids p1, p2, 

25 p3, & p4, respectively. 

Double-stranded RNA production: dsRNA was synthesized using the commercially 
available kit T7 Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate 
single 5' T7 RNA polymerase promoter templates were generated in two separate PCR reactions, 
each reaction containing the target sequence in a different orientation relative to the T7 promoter. 

30 For LD014_F1, the sense T7 template was generated using the specific T7 forward primer 
OGBM159 and the specific reverse primer oGBM164 (represented herein as SEQ ID NO 204 and 
SEQ ID NO 205, respectively) in a PCR reaction with the following conditions: 4 minutes at 95°C, 
followed by 35 cycles of 30 seconds at 95 a C, 30 seconds at 55°C and 1 minute at 72°C, followed 
by 10 minutes at 72°C. The anti-sense T7 template was generated using the specific forward 

35 primer oGBM163 and the specific T7 reverse primer OGBM160 (represented herein as SEQ ID NO 
206 and SEQ ID NO 207, respectively) in a PCR reaction with the same conditions as described 
above. The resulting PCR products were analyzed on agarose gel and purified by PCR purification 
kit (Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The 
generated T7 forward and reverse templates were mixed to be transcribed and the resulting RNA 

40 strands were annealed, Dnase and Rnase treated, and purified by sodium acetate, following the 
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manufacturer's instructions. The sense strand of the resulting dsRNA is herein represented by 
SEQ ID NO 203. 

For LD014_F2 t the sense T7 template was generated using the specific T7 forward primer 
OGBM161 and the specific reverse primer 0GBMI66 (represented herein as SEQ ID NO 209 and 
5 SEQ ID NO 210, respectively) in a PCR reaction with the following conditions: 4 minutes at 95°C, 
followed by 35 cycles of 30 seconds at 95°C, 30 seconds at 55*0 and 1 minute at 72°C, followed 
by 10 minutes at 72°C. The anti-sense T7 template was generated using the specific forward 
primer oGBM165 and the specific T7 reverse primer OGBM162 (represented herein as SEQ ID NO 
211 and SEQ ID NO 212, respectively) in a PCR reaction with the same conditions as described 

10 above. The resulting PCR products were analyzed on agarose gel and purified by PCR purification 
kit (Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The 
generated T7 forward and reverse templates were mixed to be transcribed and the resulting RNA 
strands were annealed, Dnase and Rnase treated, and purified by sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA is herein represented by 

15 SEQ ID NO 208. 

Also for the concatemers, separate single 5' T7 RNA polymerase promoter templates were 
generated in two separate PCR reactions, each reaction containing the target sequence in a 
different orientation relative to the T7 promoter. The recombinant plasrnids p3 and p4 containing 
LD014_C1 & LD014_C2 were linearised with Xbal or Xmal, the two linear fragments for each 

20 construct purified and used as template for the in vitro transcription assay, Using the T7 promoters 
flanking the cloning sites. Double-stranded RNA was prepared by in vitro transcription using the T7 
RiboMAX™ Express RNAi System (Promega). The sense strands of the resulting dsRNA for 
LD014_C1 and LD014_C2 are herein represented by SEQ ID NO 213 and2114, respectively. 

Shorter sequences of target LD014 and concatemers were able to induce lethality in 

25 Leptinotarsa decemiineata, as shown in Figure 4-LD. 

F. Screening dsRNAs at different concentrations using artificial diet for activity 
against Leptinotarsa decemiineata 

Fifty pi of a solution of dsRNA at serial ten-fold concentrations from 1 pg/ul (for target 
LD027 from 0.1 ug/ul)down to 0.01 ng/ul was applied topically onto the solid artificial diet in the 

30 wells of a 24-well plate (Nunc). The diet was dried in a laminair flow cabin. Per treatment, twenty- 
four Colorado potato beetle larvae (2 nd stage), with two insects per well, were tested. The plates 
were stored in the insect rearing chamber at 25 ± 2 °C, 60 % relative humidity, with a 16:8 hours 
light:dark photoperiod. The beetles were assessed as live or dead at regular intervals up to day 14. 
After seven days, the diet was replaced with fresh diet with topically applied dsRNA at the same 

35 concentrations. The dsRNA targets were compared to diet only. 

Feeding artificial diet containing intact naked dsRNAs of different targets to L 
decemiineata larvae resulted in high larval mortalities at concentrations as low as between 0.1 and 
10 ng dsRNA/ul as shown in Figure 5-LD. 
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G. Cloning of a CPB gene fragment in a vector suitable for bacterial production of 
insect-active double-stranded RNA 

While any efficient bacterial promoter may be used, a DNA fragment corresponding to an 
CPB gene target was cloned in a vector for the expression of double-stranded RNA in a bacterial 
5 host (See WO 00/01846). 

The sequences of the specific primers used for the amplification of target genes are 
provided in Table 8-LD. The template used is the pCR8/GW/topo vector containing any of target 
sequences. The primers are used in a PGR reaction with the following conditions: 5 minutes at 
98°C, followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55°C and 2 minutes at 72°C, 

10 followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(GIAquick Gel Extraction kit, Cat. Nr. 28706,. Qiagen), blunt-end cloned into Srf l-linearized 
pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
PCR product corresponds to the respective sequence as given in Table 8-LD. The recombinant 
vector harboring this sequence is named pGBNJ003. 

15 The sequences of the specific primers used for the amplification of target gene fragment 

LD010 are provided in Table 8-LD (forward primer SEQ ID NO 191 and reverse primer SEQ ID NO 
190). The template used was the pCR8/GW/topo vector containing the LD010 sequence (SEQ ID 
NO 11). The primers were used in a PCR reaction with the following conditions: 5 minutes at 98°C, 
followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55°C and 2 minutes at 72*0, followed 

20 by 10 minutes at 72 D C. The resulting PCR fragment was analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf l-linearized 
pGNA49A vector (reference to WO 00/188121A1), and sequenced. The sequence of the resulting 
PCR product corresponds to SEQ ID NO 188 as given in Table 8-LD. The recombinant vector 
harboring this sequence was named pGBNJ003. 

25 H. Expression and production of a double-stranded RNA target in two strains of 

Escherichia coir. (1) AB301-105(DE3), and, (2) BL21(DE3) 

The procedures described below were followed in order to express suitable levels of 
insect-active double-stranded RNA of target LD010 in bacteria. An RNaselll-deficient strain, 
AB301-105(DE3), was used in comparison to wild-type RNaselll-containing bacteria, BL21(DE3). 

30 Transformation of AB301-105(DE3) and BL21(DE3) 

Three hundred ng of the plasmid was added to and gently mixed in a 50 ul aliquot of ice- 
chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells were 
incubated on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 
minutes, after which the cells were placed back on ice for a further 5 minutes. Four hundred and 

35 fifty pi of room temperature SOC medium was added to the cells and the suspension incubated on 
a shaker (250 rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension was 
transferred to a 500 ml conical flask containing 150 ml of liquid Luria-Bertani (LB) broth 
supplemented with 100 ug/mi carbenicillin antibiotic. The culture was incubated on an Innova 4430 
shaker (250 rpm) at 37 °C overnight (16 to 18 hours). 
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Chemical induction of double-stranded RNA expression in AB301-105(DE3) and 
BL21(DE3) 

Expression of double-stranded RNA from the recombinant vector, pGBNJ003, in the 
bacterial strain AB301-105(DE3) or BL21(DE3) was made possible since all the genetic 
5 components for controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 

The optical density at 600 nm of the overnight bacterial culture was measured using an 
10 appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture was transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g 
at 15 °C for 10 minutes. The supernatant was removed and the bacterial pellet resuspended in 50 
ml of fresh S complete medium (SNC medium plus 5 ug/ml cholesterol) supplemented with 100 
ug/ml carbenicillin and 1 mM IPTG. The bacteria were induced for 2 to 4 hours at room 
15 temperature. 

Hear treatment of bacteria 

Bacteria were killed by heat treatment in order to minimize the risk of contamination of the 
artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
20 induced bacterial culture was centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet was resuspended in 1.5 ml MilliQ water and the suspension 
transferred to a microfuge tube. Several tubes were prepared and used in the bioassays for each 
refreshment. The tubes were stored at -20 °C until further use. 

25 I. Laboratory trials to test Escherichia coli expressing dsRNA target LD010 against 

Leptinotarsa decemiineata 

Two bioassay methods were employed to test double- stranded RNA produced in 
Escherichia cofi against larvae of the Colorado potato beetle: (1) artificial diet-based bioassay, and, 
(2) plant-based bioassay. 

30 Artificial diet-based bioassays 

Artificial diet for the Colorado potato beetle was prepared as described previously in 
Example 3C. A half milliliter of diet was dispensed into each of the wells of a 48-well multiwell test 
plate (Nunc). For every treatment, fifty pi of an OD 1 suspension of heat-treated bacteria (which is 
equivalent to approximately 5 x 10 7 bacterial cells) expressing dsRNA was applied topically onto 

35 the solid diet in the wells and the plates were allowed to dry in a laminair flow cabin. Per treatment, 
forty-eight 2 nd stage Colorado potato beetle larvae, one in each well containing diet and bacteria, 
were tested. Each row of a plate {i.e. 8 wells) was considered as one replicate. The plates were 
kept in the insect rearing chamber at 25 ± 2 °C. 60 ± 5 % relative humidity, with a 16:8 hours 
light:dark photoperiod. After every 4 days, the beetles were transferred to fresh diet containing 



WO 2007/080127 



PCT/EP2007/000287 



57 

topically-applied bacteria. The beetles were assessed as alive or dead every one or three days 
post infestation. For the survivors, growth and development in terms of larval weight was recorded 
on day 7 post infestation. 

For RNaselll-deficient E coli strain AB301-105(DE3), bacteria containing plasmid 
5 pGBNJ003 and those containing the empty vector pGN29 (reference to WO 00/188121 A1) were 
tested in bioassays for CPB toxicity. Bacteria harboring the pGBNJ003 plasmid showed a clear 
increase in insect mortality with time, whereas little or no mortality was observed for pGN29 and 
diet only control (Figures 6a-LD & 7a-LD). The growth and development of Colorado potato beetle 
larval survivors, 7 days after feeding on artificial diet containing bacteria expressing dsRNA target 

1 0 LD010, was severely impeded (Table 10-LD, Figure 8a-LD t Figure 13-LD). 

For £ coli strain BL21(DE3), bacteria containing plasmid pGBNJ003 and those containing 
the empty vector pGN29 were tested against the Colorado potato beetle larvae. Similar detrimental 
effects were observed on larvae fed diet supplemented with BL21(DE3) bacteria as for the 
RNAselll-deficient strain, AB301-105(DE3) (Figures 6b-LD & 7b-LD). However, the number of 

15 survivors for the five clones were higher for BL21(DE3) than for AB301-105(DE3); at day 12. 
average mortality values were approximately 25 % lower for this strain, compared to the RNase HI 
deficient strain. Also, the average weights of survivors fed on diet containing BL21(DE3) 
expressing dsRNA corresponding to target LD010 was severely reduced (Table 10-LD, Figure 8b- 
LD). 

20 The delay in growth and development of the CPB larvae fed on diet containing either of the 

two bacterial strains harboring plasmid pGBNJ003 was directly correlated to feeding inhibition 
since no frass was visible in the wells of refreshed plates from day 4 onwards when compared to 
bacteria harboring the empty vector pGN29 or the diet only plate. This observation was similar to 
that where CPB was fed on in vitro transcribed double-stranded RNA topically applied to artificial 

25 diet (see Example 3D); here, cessation of feeding occurred from day 2 onwards on treated diet. 
Plant-based bioassays 

Whole potato plants were sprayed with suspensions of chemically induced bacteria 
expressing dsRNA prior to feeding the plants to CPB larvae. The potato plants of variety "line V* 
(Wageningen University) were grown from tubers to the 8-12 unfolded leaf stage in a plant growth 

30 room chamber with the following conditions: 25 ± 2°C, 60 % relative humidity, 16:8 hour light:dark 
photoperiod. The plants were caged by placing a 500 ml plastic bottle upside down over the plant 
with the neck of the bottle firmly placed in the soil in a pot and the base cut open and covered with 
a fine nylon mesh to permit aeration, reduce condensation inside and prevent larval escape. 
Fifteen Colorado potato beetle larvae at the L1 stage were placed on each treated plant in the 

35 cage. Plants were treated with a suspension of E. coli AB301-105(DE3) harboring the pGBNJ003 
plasmids (clone 1; Figure 7a-LD) or pGN29 plasmid (clone 1; see Figure 7a-LD). Different 
quantities of bacteria were applied to the plants: 66, 22, and 7 units, where one unit is defined as 
10 9 bacterial cells in 1 ml of a bacterial suspension at optical density value of 1 at 600 nm 
wavelength. In each case, a total volume of 1.6 ml was sprayed on the plant with the aid of a 
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vaporizer. One plant was used per treatment in this trial. The number of survivors were counted 
and the weight of each survivor recorded. 

Spraying plants with a suspension of E coli bacterial strain AB301-105(DE3) expressing 
target dsRNA from pGBNJ003 led to a dramatic increase in insect mortality when compared to 
5 pGN29 control. The mortality count was maintained when the amount of bacteria cell suspension 
was diluted 9-fold (Figure 9-LD). The average weights of the larval survivors at day 11 on plants 
sprayed with bacteria harboring the pGBNJ003 vector were approximately 10-fold less than that of 
pGN29 (Figure 10-LD). Feeding damage by CPB larvae of the potato plant sprayed with bacteria 
containing the pGBNJ003 plasmid was much reduced when compared to the damage incurred on 

10 a potato plant sprayed with bacteria containing the empty vector pGN29 (Figure 11 -LD). 

These experiments showed that double-stranded RNA corresponding to an insect gene 
target sequence produced in either wild-type or RNaseill-deficient bacterial expression systems is 
toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 

15 exemplification was provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 

J. Testing various culture suspension densities of Escherichia coli expressing 
dsRNA target LD010 against Leptinotarsa decemlineata 

20 Preparation and treatment of bacterial cultures are described in Example 3J. Three-fold 

serial dilutions of cultures (starting from 0.25 unit equivalents) of Escherichia coli RNAselll-deficient 
strain AB301-105(DE3) expressing double-stranded RNA of target LD010 were applied to foliages 
of the potato plant of variety 'Bintje' at the 8-12 unfolded leaf stage. Ten L1 larvae of the L 
decemlineata were placed on the treated plants with one plant per treatment. Scoring for insect 

25 mortality and growth impediment was done on day 7 (i.e., 7 days post infestation). 

As shown in Figure 14-LD, high CPB larval mortality (90 to 100 %) was recorded after 1 
week when insects were fed potato plants treated with a topical application by fine spray of heat- 
inactivated cultures of E.coli harboring plasmid pGBNJ003 (for target 10 dsRNA expression) at 
densities 0.25, 0.08 and 0.025 bacterial units. At 0.008 units, about a third of the insects were 

30 dead, however, the surviving insects were significantly smaller than those in the control groups (E. 
coli harboring the empty vector pGN29 and water only). Feeding damage by CPB larvae of the 
potato plant sprayed with bacteria containing the pGBNJ003 plasmid at concentrations 0.025 or 
0.008 units was much reduced when compared to the damage incurred on a potato plant sprayed 
with bacteria containing the empty vector pGN29 (Figure 1 5-LD). 

35 K. Adults are extremely susceptible to orally ingested dsRNA corresponding to 

target genes. 

The example provided below highlights the finding that adult insects (and not only insects 
of the larval stage) are extremely susceptible to orally ingested dsRNA corresponding to target 
genes. 
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Four targets were chosen for this experiment: targets 2, 10, 14 and 16 (SEQ ID NO 168, 
188, 198 and 220, respectively). GFP fragment dsRNA (SEQ ID NO 235) was used as a control. 
Young adults (2 to 3 days old) were picked at random from our laboratory-reared culture with no 
bias towards insect gender. Ten adults were chosen per treatment. The adults were prestarved for 
5 at least 6 hours before the onset of the treatment. On the first day of treatment, each adult was fed 
four potato leaf discs (diameter 1.5 cm 2 ) which were pretreated with a topical application of 25 pi of 
0.1ug/pl target dsRNA (synthesized as described in Example 3A; topical application as described 
in Example 3E) per disc. Each adult was confined to a small petridish (diameter 3 cm) in order to 
make sure that all insects have ingested equal amounts of food and thus received equal doses of 

1 0 dsRNA. The following day, each adult was again fed four treated leaf discs as described above. On 
the third day, all ten adults per treatment were collected and placed together in a cage consisting of 
a plastic box (dimensions 30 cm x 20 cm x 15 cm) with a fine nylon mesh built into the lid to provide 
good aeration. Inside the box, some moistened filter paper was placed in the base. Some 
(untreated) potato foliage was placed on top of the paper to maintain the adults during the 

15 experiment. From day 5, regular assessments were carried out to count the number of dead, alive 
(mobile) and moribund insects. For insect moribundity, adults were laid on their backs to check 
whether they could right themselves within several minutes; an insect was considered moribund 
only if it was not able to turn onto its front. 

Clear specific toxic effects of double-stranded RNA correpsonding to different targets 

20 towards adults of the Colorado potato beetle, Leptinotarsa decemlineata, were demonstrated in this 
experiment (Figure 12-LD). Double-stranded RNA corresponding to a gfp fragment showed no 
toxicity towards CPB adults on the day of the final assessment (day 19). This experiment clearly 
showed that the survival of CPB adults was severely reduced only after a few days of exposure to 
dsRNA when delivered orally. For example, for target 10, on day 5, 5 out of 10 adults were 

25 moribund (sick and slow moving); on day 6, 4 out of 10 adults were dead with three of the survivors 
moribund; on day 9 all adults were observed dead. 

As a consequence of this experiment, the application of target double-stranded RNAs 
against insect pests may be broadened to include the two life stages of an insect pest (i.e. larvae 
and adults) which could cause extensive crop damage, as is the case with the Colorado potato 

30 beetle. 

Example 4: Phaedon cochleariae (Mustard leaf beetle) 

A. Cloning of a partial sequence of the Phaedon cochleariae (mustard leaf beetle) 
PC001, PC003, PC005, PC010, PC014, PC016 and PC027 genes via family PGR 

35 High quality, intact RNA was isolated from the third larval stage of Phaedon cochleariae 

(mustard leaf beetle; source: Dr. Caroline Muller, Julius-von-Sachs-lnstitute for Biosciences, 
Chemical Ecology Group. University of Wuerzburg, Julius-von-Sachs-Platz 3, D-97082 Wuerzburg, 
Germany) using TRIzol Reagent (Cat. Nr. 15596-026/15596-018, Invitrogen, Rockville, Maryland, 
USA) following the manufacturer's instructions. Genomic DNA present in the RNA preparation was 
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removed by DNase (Cat. Nr. 1700, Promega) treatment following the manufacturer's instructions. 
cDNA was generated using a commercially available kit (Superscript ™ III Reverse Transcriptase, 
Cat. Nr. 18080044, Invitrogen, Rockville, Maryland, USA) following the manufacturer's instructions. 
To isolate cDNA sequences comprising a portion of the PC001, PC003, PC0O5, PC010, 
5 PC014, PC016 and PC027 genes, a series of PCR reactions with degenerate primers were 
performed using Amplitaq Gold (Cat. Nr. N8080240, Applied Biosystems) following the 
manafacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 
given in Table 2-PC. These primers were used in respective PCR reactions with the following 
10 conditions: 10 minutes at 95°C, followed by 40 cycles of 30 seconds at 95 D C, 1 minute at 55°C and 
1 minute at 72*C, followed by 10 minutes at 72°C. The resulting PCR fragments were analyzed on 
agarose gel, purified (QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), cloned into the 
pCR4/TOPO vector (Cat. Nr. K4530-20, Invitrogen) and sequenced. The sequences of the 
resulting PCR products are represented by the respective SEQ ID NOs as given in Table 2-PC and 
1 5 are referred to as the partial sequences. 

The corresponding partial amino acid sequence are represented by the respective SEQ ID 
NOs as given in Table 3-PC. Table 3-PC provides amino acid sequences of cDNA clones, and the 
start of the reading frame is indicated in brackets. 

B. dsRNA production of the Phaedon cochleariae genes 

20 dsRNA was synthesized in milligram amounts using the commercially available kit T7 

Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

For each of the target genes, the sense T7 template was generated using specific T7 

25 forward and specific reverse primers. The sequences of the respective primers for amplifying the 
sense template for each of the target genes are given in Table 8-PC. Table 8-PC provides details 
for preparing ds RNA fragments of Phaedon cochleariae target sequences, including primer 
sequences. 

The conditions in the PCR reactions were as follows: 1 minute at 95°C, followed by 20 
30 cycles of 30 seconds at 95°C, 30 seconds at 60°C and 1 minute at 72°C, followed by 15 cycles of 
30 seconds at 95"C, 30 seconds at 50° C and 1 minute at 72°C followed by 10 minutes at 72°C. 
The anti-sense T7 template was generated using specific forward and specific T7 reverse primers 
in a PCR reaction with the same conditions as described above. The sequences of the respective 
primers for amplifying the anti-sense template for each of the target genes are given in Table 8-PC. 
35 The resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
(Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The generated 
T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 
were annealed, DNase and RNase treated, and purified by sodium acetate, following the 
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manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes 
is given in Table 8-PC. 

C. Laboratory trials of Myzus periscae (green peach aphid) infestation on transgenic 
Arabidopsis thaiiana plants 

5 Generation of transgenic plants 

Arabidopsis tha liana plants were transformed using the floral dip method (Clough and Bent 
(1998) Plant Journal 16:735-743). Aerial parts of the plants were incubated for a few seconds in a 
solution containing 5% sucrose, resuspended Agrobacterium tumefaciens strain C58C1 Rif cells 
from an overnight culture and 0.03% of the surfactant Silwet L-77. After inoculation, plants were 
10 covered for 16 hours with a transparent plastic to maintain humidity. To increase the transformation 
efficiency, the procedure was repeated after one week. Watering was stopped as seeds matured 
and dry seeds were harvested and cold-treated for two days. After sterilization, seeds were plated 
on a kanamycin-containing growth medium for selection of transformed plants. 
The selected plants are transferred to soil for optimal T2 seed production. 
15 Bioassay 

Transgenic Arabidopsis thaliana plants are selected by allowing the segregating T2 seeds to 
germinate on appropriate selection medium. When the roots of these transgenics are well- 
established they are then transferred to fresh artificial growth medium or soil and allowed to grow 
under optimal conditions. Whole transgenic plants are tested against nymphs of the green peach 
20 aphid (Myzus persicae) to show (1) a significant resistance to plant damage by the feeding nymph, 
(2) increased nymphal mortality, and/or (3) decreased weight of nymphal survivors (or any other 
aberrant insect development). 

D. Laboratory trials to test dsRNA targets, using oilseed rape leaf discs for activity 
against Phaedon cochleariae larvae 

25 The example provided below is an exemplification of the finding that the mustard leaf 

beetle (MLB) larvae are susceptible to orally ingested dsRNA corresponding to own target genes. 

To test the different double-stranded RNA samples against MLB larvae, a leaf disc assay 
was employed using oilseed rape (Brassica napus variety SW Oban; source: Nick Balaam, Sw 
Seed Ltd., 49 North Road, Abington, Cambridge. CB1 6 AS. UK) leaf material as food source. The 

30 insect cultures were maintained on the same variety of oilseed rape in the insect chamber at 25 ± 2 
°C and 60 ± 5 % relative humidity with a photoperiod of 16h light/ah dark. Discs of approximately 
1.1 cm in diameter (or 0.95 cm 2 ) were cut out off leaves of 4- to 6-week old rape plants using a 
suitably-sized cork borer. Double-stranded RNA samples were diluted to 0.1 ug/ul in Milli-Q water 
containing 0.05% Triton X-100. Treated leaf discs were prepared by applying 25 \s\ of the diluted 

35 solution of target PC001, PC003, PC005, PC010, PC014, PC016. PC027 dsRNA and control gfp 
dsRNA or 0.05 % Triton X-100 on the adaxial leaf surface. The leaf discs were left to dry and 
placed individually in each of the 24 wells of a 24-well multiplate containing 1 ml of gellified 2% 
agar which helps to prevent the leaf disc from drying out. Two neonate MLB larvae were placed 
into each well of the plate, which was then covered with a multiwell plastic lid. The plate (one 
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treatment containing 48 insects) was divided into 4 replicates of 12 insects per replicate (each row). 

The plate containing the insects and leaf discs were kept in an insect chamber at 25 ± 2 °C and 60 

+ 5 % relative humidity with a photoperiod of 16h light/8h dark. The insects were fed leaf discs for 2 

days after which they were transferred to a new plate containing freshly treated leaf discs. 
5 Thereafter, 4 days after the start of the bioassay, the insects from each replicate were collected 

and transferred to a Petri dish containing untreated fresh oilseed rape leaves. Larval mortality and 

average weight were recorded at days 2, 4 7, 9 and 1 1 . 

P. cochleariae larvae fed on intact naked target dsRNA-treated oilseed rape leaves 

resulted in significant increases in larval mortalities for all targets tested, as indicated in Figure 1(a). 
10 Tested double-stranded RNA for target PC010 led to 100 % larval mortality at day 9 and for target 

PC027 at day 11. For ail other targets, signficantly high mortality values were reached at day 11 

when compared to control gfp dsRNA, 0.05% Trition X-100 alone or untreated leaf only: (average 

value in percentage + confidence interval with alpha 0.05) PC001 (94.4 ± 8.2); PC003 (86.1 ± 4.1); 

PC005 (83.3 ± 7.8); PC014 (63.9 ± 20.6); PC016 (75.0 ± 16.8); gfp dsRNA (11.1 ± 8.2); 0.05% 
15 Triton X-100 (19.4 ± 10.5); leaf only (8.3 ± 10.5). 

Larval survivors were assessed based on their average weight. For all targets tested, the 

mustard leaf beetle larvae had significantly reduced average weights after day 4 of the bioassay; 

insects fed control gfp dsRNA or 0.05% Triton X-100 alone developed normally, as for the larvae 

on leaf only (Figure 1(b)-PC). 

20 E. Laboratory trials to screen dsRNAs at different concentrations using oilseed rape 

leaf discs for activity against Phaedon cochleariae larvae 

Twenty-five ul of a solution of dsRNA from target PC010 or PC027 at serial ten-fold 
concentrations from 0.1 ug/pl down to 0.1 ng/ul was applied topically onto the oilseed rape leaf 
disc, as described in Example 4D above. As a negative control. 0.05% Triton X-100 only was 

25 administered to the leaf disc. Per treatment, twenty-four mustard leaf beetle neonate larvae, with 
two insects per well, were tested. The plates were stored in the insect rearing chamber at 25 ± 2 
°C, 60 ± 5 % relative humidity, with a 16:8 hours light:dark photoperiod. At day 2, the larvae were 
transferred on to a new plate containing fresh dsRNA-treated leaf discs. At day 4 for target PC01 0 
and day 5 for target PC027, insects from each replicate were transferred to a Petri dish containing 

30 abundant untreated leaf material. The beetles were assessed as live or dead on days 2, 4, 7, 8, 9, 
and 11 for target PC010. and 2, 5, 8, 9 and 12 for target PC027. 

Feeding oilseed rape leaf discs containing intact naked dsRNAs of the two different targets, 
PC010 and PC027, to P. cochleariae larvae resulted in high mortalities at concentrations down to as 
low as 1 ng dsRNA/pl solution, as shown in Figures 2 (a) and (b). Average mortality values in 

35 percentage ± confidence interval with alpha 0.05 for different concentrations of dsRNA for target PC010 
at day 11. 0 pg/ul: 8.3 ± 9.4; 0.1 pg/ul: 100; 0.01 pg/pl: 79.2 ± 20.6; 0.001 pg/pl: 58.3 ± 9.4; 0.0001 
pg/pl: 12.5 ± 15.6; and for target PC027 at day 12, 0 ug/ul: 8.3 ± 9.4; 0.1 ug/ul: 95.8 ± 8.2; 0.01 ug/ul: 
95.8 ± 8.2; 0.001 ug/ul: 83.3 ± 13.3; 0.0001 ug/ul: 12.5 ± 8.2. 
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F. Cloning of a MLB gene fragment in a vector suitable for bacterial production of 
insect-active double-stranded RNA 

What follows is an example of cloning a DNA fragment corresponding to an MLB gene 
target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
5 vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
used (reference to WO0001846): 

The sequences of the specific primers used for the amplification of target gene fragment 
PC010 are provided in Table 8-PC. The template used was the pCR8/GW/topo vector containing 
the PC010 sequence (SEQ ID NO 253). The primers were used in a touch-down PCR reaction with 

10 the following conditions: 1 minute at 95°C, followed by 20 cycles of 30 seconds at 95°C, 30 
seconds at 60°C with temperature decrease of -0.5 °C per cycle and 1 minute at 72°C, followed by 
15 cycles of 30 seconds at 95°C, 30 seconds at 50°C and 1 minute at 72°C, followed by 10 
minutes at 72°C. The resulting PCR fragment was analyzed on agarose gel, purified (QIAquick Gel 
Extraction kit, Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf l-linearized pGNA49A vector 

15 (reference to WO00188121A1), and sequenced. The sequence of the resulting PCR product 
corresponds to SEQ ID NO 488 as given in Table 8-PC. The recombinant vector harboring this 
sequence was named pGCDJOOL 

G. Expression and production of a double-stranded RNA target in one strain of 
Escherichia coli AB301-105(DE3) 

20 The procedures described below are followed in order to express suitable levels of insect- 

active double-stranded RNA of insect target in bacteria. In this experiment, an RNaselll-deficient 
strain, AB301-105(DE3) was used. 
Transformation of AB301-105(DE3) 

Three hundred rig of the plasmid were added to and gently mixed in a 50 pi aliquot of ice- 

25 chilled chemically competent E. coli strain AB301-105(DE3). The cells were incubated on ice for 20 
minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after which the 
cells were placed back on ice for a further 5 minutes. Four hundred and fifty pi of room temperature 
SOC medium was added to the cells and the suspension incubated on a shaker (250 rpm) at 37 °C 
for 1 hour. One hundred pi of the bacterial cell suspension was transferred to a 500 ml conical flask 

30 containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 pg/ml carbenicillin 
antibiotic. The culture was incubated on an Innova 4430 shaker (250 rpm) at 37 °C overnight (16 to 
18 hours). 

Chemical induction of double-stranded RNA expression inAB301-1 05(DE3) 

Expression of double-stranded RNA from the recombinant vector, pGXXXOXX, in the 
35 bacterial strain AB301-105(DE3) was made possible since all the genetic components for 
controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 
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The optical density at 600 nm of the overnight bacterial culture was measured using an 
appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture was transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g 
at 15 °C for 10 minutes. The supernatant was removed and the bacterial pellet resuspended in 50 
5 ml of fresh S complete medium (SNC medium plus 5 ug/ml cholesterol) supplemented with 100 
ug/ml carbenicillin and 1 mM IPTG. The bacteria were induced for 2 to 4 hours at room 
temperature. 

Heat treatment of bacteria 

Bacteria were killed by heat treatment in order to minimize the risk of contamination of the 

10 artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
induced bacterial culture was centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet was resuspended in a total volume of !50 ml of 0.05% Triton X-100 

15 solution. The tube was stored at 4 °C until further use 

H. Laboratory trials to test Escherichia coli expressing dsRNA target against 
Phaedon cochleariae 

Leaf disc bioassays 

The leaf-disc bioassay method was employed to test double-stranded RNA from target 

20 PC010 produced in Escherichia coli (from plasmid pGCDJ001) against larvae of the mustard leaf 
beetle. Leaf discs were prepared from oilseed rape foliage, as described in Example 4. Twenty pi 
of a bacterial suspension, with an optical density measurement of 1 at 600 nm wavelength, was 
pipetted onto each disc. The leaf disc was placed in a well of a 24-multiwell plate containing 1 ml 
gellified agar. On each leaf disc were added two neonate larvae. For each treatment, 3 replicates 

25 of 16 neonate larvae per replicate were prepared. The plates were kept in the insect rearing 
chamber at 25 ± 2 °C and 60 ± 5 % relative humidity, with a 16:8 hours light:dark photoperiod. At 
day 3 (i.e. 3 days post start of bioassay), larvae were transferred to a new plate containing fresh 
treated (same dosage) leaf discs. The leaf material was refreshed every other day from day 5 
onwards. The bioassay was scored on mortality and average weight. Negative controls were leaf 

30 discs treated with bacteria harboring plasmid pGN29 (empty vector) and leaf only. 

A clear increase in mortality of P. cochleariae larvae with time was shown after the insects were fed 
on oilseed rape leaves treated with a suspension of RNaselll-deficient E. coii strain AB301- 
105(DE3) containing plasmid pGCDJ001, whereas very little or no insect mortality was observed in 
the case of bacteria with plasmid pGN29 or leaf only control (Figure 3-PC). 

35 Plant-based bioassays 

Whole plants are sprayed with suspensions of heat-inactivated chemically induced bacteria 
expressing dsRNA prior to feeding the plants to MLB. The are grown from in a plant growth room 
chamber. The plants are caged by placing a 500 ml plastic bottle upside down over the plant with 
the neck of the bottle firmly placed in the soil in a pot and the base cut open and covered with a 
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fine nylon mesh to permit aeration, reduce condensation inside and prevent insect escape. MLB 
are placed on each treated plant in the cage. Plants are treated with a suspension of £ coli AB301- 
105(DE3) harboring the pGCDJOOl plasmids or pGN29 plasmid. Different quantities of bacteria are 
applied to the plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial 
5 cells in 1 ml of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each 
case, a total volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One 
plant is used per treatment in this trial. The number of survivors are counted and the weight of each 
survivor recorded. 

Spraying plants with a suspension of E. coli bacterial strain AB301-105(DE3) expressing 
10 target dsRNA from pGCDJOOl leads to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 
systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
15 exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 

Example 5: Epilachna varivetis (Mexican bean beetle) 

20 A. Cloning Epilachna varivetis partial gene sequences 

High quality, intact RNA was isolated from 4 different larval stages of Epilachna varivetis 
(Mexican bean beetle; source: Thomas Dorsey, Supervising Entomologist, New Jersey Department 
of Agriculture, Division of Plant Industry, Bureau of Biological Pest Control, Phillip AJampi Beneficial 
Insect Laboratory, PO Box 330, Trenton, New Jersey 08625-0330, USA) using TRIzol Reagent 

25 (Cat. Nr. 15596-026/15596-018, Invitrogen, Rockville, Maryland, USA) following the manufacturer's 
instructions. Genomic DNA present in the RNA preparation was removed by DNase treatment 
following the manafacturer's instructions (Cat. Nr. 1700. Promega). cDNA was generated using a 
commercially available kit (Superscript ™ III Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, 
Rockville, Maryland, USA) following the manufacturer's instructions. 

30 To isolate cDNA sequences comprising a portion of the EV005, EV009, EV01 0, EV01 5 and 

EV016 genes, a series of PCR reactions with degenerate primers were performed using Amplitaq 
Gold (Cat. Nr. N8080240, Applied Biosystems) following the manufacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 
given in Table 2-EV, which displays Epilachna varivetis target genes including primer sequences 

35 and cDNA sequences obtained. These primers were used in respective PCR reactions with the 
following conditions: for EV005 and EV009, 10 minutes at 95°C. followed by 40 cycles of 30 
seconds at 95*C, 1 minute at 50°C and 1 minute 30 seconds at 72°C, followed by 7 minutes at 
72°C; for EV014, 10 minutes at 95°C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 
53°C and 1 minute at 72X, followed by 7 minutes at 72°C; for EV010 and EV016, 10 minutes at 
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95'C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 54°C and 1 minute 40 seconds at 
72*C, followed by 7 minutes at 72°C. The resulting PCR fragments were analyzed on agarose gel, 
purified (QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), cloned into the pCR4/TOPO vector 
(Cat. Nr. K4530-20, Invitrogen), and sequenced. The sequences of the resulting PCR products are 
5 represented by the respective SEQ ID NOs as given in Table 2-EV and are referred to as the 
partial sequences. The corresponding partial amino acid sequences are represented by the 
respective SEQ ID NOs as given in Table 3-EV, where the start of the reading frame is indicated in 
brackets. 

B. dsRNA production of the Epilachna varivetis genes 

10 dsRNA was synthesized in milligram amounts using the commercially available kit T7 

Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5" T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

For each of the target genes, the sense T7 template was generated using specific T7 

1 5 forward and specific reverse primers. The sequences of the respective primers for amplifying the 
sense template for each of the target genes are given in Table 8-EV. 

The conditions in the PCR reactions were as follows: 1 minute at 95°C, followed by 20 
cycles of 30 seconds at 95°C, 30 seconds at 60°C and 1 minute at 72°C, followed by 15 cycles of 
30 seconds at 95°C, 30 seconds at 50°C and 1 minute at 72°C followed by 10 minutes at 72°C. 

20 The anti-sense T7 template was generated using specific forward and specific T7 reverse primers 
in a PCR reaction with the same conditions as described above. The sequences of the respective 
primers for amplifying the anti-sense template for each of the target genes are given in Table 8-EV. 
The resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
(Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The generated 

25 T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 
were annealed, DNase and RNase treated, and purified by sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes 
is given in Table 8-EV. 

r 

C. Laboratory trials to test dsRNA targets using bean leaf discs for activity against 
30 Epilachna varivetis larvae 

The example provided below is an exemplification of the finding that the Mexican bean 
beetle (MBB) larvae are susceptible to orally ingested dsRNA corresponding to own target genes. 

To test the different double-stranded RNA samples against MBB larvae, a leaf disc assay 
was employed using snap bean (Phaseolus vulgaris variety Montano; source: Aveve NV, Belgium) 
35 leaf material as food source. The same variety of beans was used to maintain insect cultures in the 
insect chamber at 25 ± 2 °C and 60 ± 5 % relative humidity with a photoperiod of 16h light/8h dark. 
Discs of approximately 1.1 cm in diameter (or 0.95 cm 2 ) were cut out off leaves of 1- to 2-week old 
bean plants using a suitably-sized cork borer. Double-stranded RNA samples were diluted to 1 
ug/ul in Milli-Q water containing 0.05% Triton X-100. Treated leaf discs were prepared by applying 
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25 ul of the diluted solution of target EvOOS, Ev010, Ev015, Ev016 dsRNA and control gfp dsRNA 
or 0.05 % Triton X-100 on the adaxial leaf surface. The leaf discs were left to dry and placed 
individually in each of the 24 wells of a 24-well multiplate containing 1 ml of gellified 2 % agar which 
helps to prevent the leaf disc from drying out. A single neonate MBB larva was placed into each 
5 well of a plate, which was then covered with a multiwell plastic lid. The plate was divided into 3 
replicates of 8 insects per replicate (row). The plate containing the insects and leaf discs were kept 
in an insect chamber at 25 ± 2 °C and 60 + 5 % relative humidity with a photoperiod of 16h light/8h 
dark. The insects were fed on the leaf discs for 2 days after which the insects were transferred to a 
new plate containing freshly treated leaf discs. Thereafter, 4 days after the start of the bioassay, 

10 the insects were transferred, to a petriplate containing untreated fresh bean leaves every day until 
day 10. Insect mortality was recorded at day 2 and every other day thereafter. 

Feeding snap bean leaves containing surface-applied intact naked target dsRNAs to E, 
varivestis larvae resulted in significant increases in larval mortalities, as indicated in Figure 1. 
Tested double-stranded RNAs of targets Ev010, Ev015, & Ev016 led to 100 % mortality after 8 

15 days, whereas dsRNA of target Ev005 took 10 days to kill all larvae. The majority of the insects fed 
on treated leaf discs containing control gfp dsRNA or only the surfactant Triton X-100 were 
sustained throughout the bioassay (Figure 1-EV). 

D. Laboratory trials to test dsRNA targets using bean leaf discs for activity against 
Epilachna varivestis adults 

20 The example provided below is an exemplification of the finding that the Mexican bean 

beetle adults are susceptible to orally ingested dsRNA corresponding to own target genes. 

In a similar bioassay set-up as for Mexican bean beetle larvae, adult MBBs were tested 
against double-stranded RNAs topically-applied to bean leaf discs. Test dsRNA from each target 
Ev010, Ev015 and Ev016 was diluted in 0.05 % Triton X-100 to a final concentration of 0.1 pg/pl. 

25 Bean leaf discs were treated by topical application of 30 pi of the test solution onto each disc. The 
discs were allowed to dry completely before placing each on a slice of gellified 2 % agar in each 
well of a 24-well multiwell plate. Three-day-old adults were collected from the culture cages and fed 
nothing for 7-8 hours prior to placing one adult to each well of the bioassay plate (thus 24 adults 
per treatment): The plates were kept in the insect rearing chamber (under the same conditions as 

30 for MBB larvae for 24 hours) after which the adults were transferred to a new plate containing fresh 
dsRNA-treated leaf discs. After a further 24 hours, the adults from each treatment were collected 
and placed in a plastic box with dimensions 30 cm x 15 cm x 10 cm containing two potted and 
untreated 3-week-old bean plants. Insect mortality was assessed from day 4 until day 11. 

All three target dsRNAs (Ev010, Ev015 and Ev016) ingested by adults of Epilachna 

35 varivestis resulted in significant increases in mortality from day 4 (4 days post bioassay start), as 
shown in Figure 2(a)-EV. From day 5, dramatic changes in feeding patterns were observed 
between insects fed initially with target-dsRNA-treated bean leaf discs and those that were fed 
discs containing control gfp dsRNA or surfactant Triton X-100. Reductions in foliar damage by MBB 
adults of untreated bean plants were clearly visible for all three targets when compared to gfp 
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dsRNA and surfactant only controls, albeit at varying levels; insects fed target 15 caused the least, 
damage to bean foliage (Figure 2(b)-EV). 

E. Cloning of a MBB gene fragment in a vector suitable for bacterial production of 
insect-active double-stranded RNA 

5 What follows is an example of cloning a DNA fragment corresponding to an MBB gene 

target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
used (reference to WO0001846). 

The sequences of the specific primers used for the amplification of target genes are 

10 provided in Table 8-EV. The template used is the pCR8/GW/topo vector containing any of target 
sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
98°C, followed by 30 cycles of 10 seconds at 98X, 30 seconds at 55°C and 2 minutes at 72°C, 
followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit. Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf l-linearized 

15 pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
PCR product corresponds to the respective sequence as given in Table 8-EV. The recombinant 
vector harboring this sequence is named pGXXXOXX. 

F. Expression and production of a double-stranded RNA target in two strains of 
Escherichia coli: (1) AB301-105(DE3), and, (2) BL21(DE3) 

20 The procedures described below are followed in order to express suitable levels of insect- 

active double-stranded RNA of insect target in bacteria. An RNaselll-deficient strain, AB301- 
105(DE3), is used in comparison to wild-type RNaselll-containing bacteria, BL21(DE3). 
Transformation of AB301-105(DE3) and BL21(DE3) 

Three hundred ng of the plasmid are added to and gently mixed in a 50 pi aliquot of ice- 

25 chilled chemically competent £. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 
which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty pi of room 
temperature SOC medium is added to the cells and the suspension incubated on a shaker (250 
rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 

30 conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 ug/ml 
carbenicillin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 
overnight (16 to 18 hours). 

Chemical induction of double-stranded RNA expression in AB301-105(DE3) and BL21(DE3) 

Expression of double-stranded RNA from the recombinant vector, pGXXXOXX, in the 
35 bacterial strain AB301-105(DE3) or BL21(DE3) is made possible since all the genetic components 
for controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 
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The optical density at 600 nm of the overnight bacterial culture is measured using an 
appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 
15 °C for 10 minutes. The supernatant is removed and the bacterial pellet resuspended in 50 ml of 
5 fresh S complete medium (SNC medium plus 5 pg/ml cholesterol) supplemented with 100 ug/ml 
carbenicillin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. 
Heat treatment of bacteria 

Bacteria are killed by heat treatment in order to minimize the risk of contamination of the 
artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
10 RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 
to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 
1 5 The tubes are stored at -20 °C until further use. 

G. Laboratory trials to test Escherichia coli expressing dsRNA targets against 
Epilachna varivetis 

Plant-based bioassays 

Whole plants are sprayed with suspensions of chemically induced bacteria expressing 

20 dsRNA prior to feeding the plants to MBB. The are grown from in a plant growth room chamber. 
The plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of 
the bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon 
mesh to permit aeration, reduce condensation inside and prevent insect escape. MMB are placed 
on each treated plant in the cage. Plants are treated with a suspension of £ coli AB30 1-1 05(DE3) 

25 harboring the pGBNJ001 plasmids or pGN29 plasmid. Different quantities of bacteria are applied to 
the plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial cells in 1 ml 
of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a total 
volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One plant is 
used per treatment in this trial. The number of survivors are counted and the weight of each 

30 survivor recorded. 

Spraying plants with a suspension of £ coli bacterial strain AB301-105(DE3) expressing 
target dsRNA from pGXXXOXX lead to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 

35 systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 
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Example 6: Anthonomus grandis (Cotton boll weevil) 

A. Cloning Anthonomus grandis partial sequences 

High quality, intact RNA was isolated from the 3 instars of Anthonomus grandis (cotton boll 
5 weevil; source: Dr. Gary Benzon, Benzon Research Inc., 7 Kuhn Drive, Carlisle, Pennsylvania 
17013, USA) using TRIzol Reagent (Cat. Nr. 15596-026/15596-018, Invitrogen, Rockville, 
Maryland, USA) following the manufacturer's instructions. Genomic DNA present in the RNA 
preparation was removed by DNase treatment following the manafacturer's instructions (Cat. Nr. 
1700, Promega). cDNA was generated using a commercially available kit (Superscript ™ III 

10 Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, Rockville, Maryland, USA) following the 
manufacturer's instructions. 

To isolate cDNA sequences comprising a portion of the AG001, AG005, AG010, AG014 
and AG016 genes, a series of PCR reactions with degenerate primers were performed using 
Amplitaq Gold (Cat. Nr. N8080240, Applied Biosystems) following the manafacturer's instructions. 

15 The sequences of the degenerate primers used for amplification of each of the genes are 

given in Table 2-AG. These primers were used in respective PCR reactions with the following 
conditions: for AG001, AG005 and AG016, 10 minutes at 95°C, followed by 40 cycles of 30 
seconds at 95°C, 1 minute at 50°C and 1 minute and 30 seconds at 72°C, followed by 7 minutes at 
72°C; for AG010. 10 minutes at 95'C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 

20 54°C and 2 minutes and 30 seconds at 72°C, followed by 7 minutes at 72°C; for AG014, 10 
minutes at 95°C, followed by 40 cycles of 30 seconds at 95*C, 1 minute at 55°C and 1 minute at 
72°C, followed by 7 minutes at 72°C. The resulting PCR fragments were analyzed on agarose gel, 
purified (QIAquick Gel Extraction kit, Cat. Nr. 28706. Qiagen), cloned into the pCR8/GW/TOPO 
vector (Cat. Nr. K2500-20, Invitrogen) and sequenced. The sequences of the resulting PCR 

25 products are represented by the respective SEQ ID NOs as given in Table 2-AG and are referred 
to as the partial sequences. The corresponding partial amino acid sequence are represented by the 
respective SEQ ID NOs as given in Table 3-AG. 

B. dsRNA production of the Anthonomus grandis (cotton boll weevil) genes 

dsRNA was synthesized in milligram amounts using the commercially available kit T7 
30 Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

For each of the target genes, the sense T7 template was generated using specific T7 
forward and specific reverse primers. The sequences of the respective primers for amplifying the 
35 sense template for each of the target genes are given in Table 8-AG. A touchdown PCR was 
performed as follows: 1 minute at 95'C. followed by 20 cycles of 30 seconds at 95°C, 30 seconds 
at 60°C with a decrease in temperature of 0.5°C per cycle and 1 minute at 72°C, followed by 15 
cycles of 30 seconds at 95°C, 30 seconds at 50°C and 1 minute at 72°C. followed by 10 minutes at 
72°C. The anti-sense T7 template was generated using specific forward and specific T7 reverse 
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primers in a PCR reaction with the same conditions as described above. The sequences of the 
respective primers for amplifying the anti-sense template for each of the target genes are given in 
Table 8-AG. The resulting PCR products were analyzed on agarose gel and purified by PCR 
purification kit (Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCl0 4 precipitation. 
5 The generated T7 forward and reverse templates were mixed to be transcribed and the resulting 
RNA strands were annealed, DNase and RNase treated, and purified by sodium acetate, following 
the manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target 
genes is given in Table 8-AG. 

C. Cloning of a CBW gene fragment in a vector suitable for bacterial production of 
10 insect-active double-stranded RNA 

What follows is an example of cloning a DNA fragment corresponding to a CBW gene 
target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
used (reference to WO0001846). 

15 The sequences of the specific primers used for the amplification of target genes are 

provided in Table 8-AG. The template used is the pCR8/GW/topo vector containing any of target 
sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
98°C, followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55°C and 2 minutes at 72°C, 
followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 

20 (QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf l-linearized 
pGNA49A vector (reference to WO001 88121 A1), and sequenced. The sequence of the resulting 
PCR product corresponds to the respective sequence as given in Table 8-AG. The recombinant 
vector harboring this sequence is named pGXXXOXX. 

D. Expression and production of a double-stranded RNA target in two strains of 
25 Escherichia coir. (1) AB301-105(DE3), and, (2) BL21(DE3) 

The procedures described below are followed in order to express suitable levels of insect- 
active double-stranded RNA of insect target in bacteria. An RNaselll-deficient strain, AB301- 
105(DE3), is used in comparison to wild-type RNaselll-containing bacteria, BL21(DE3). 
Transformation of AB301-105(DE3) and BL21(DE3) 

30 Three hundred ng of the piasmid are added to and gently mixed in a 50 pi aliquot of-ice- 

chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 
which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty pi of room 
temperature SOC medium is added to the cells and the suspension incubated on a shaker (250 

35 rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 
conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 ug/ml 
carbenicillin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 
overnight (16 to 18 hours). 

Chemical induction of double-stranded RNA expression in AB301-10S(DE3) and BL21(DE3) 
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Expression of double-stranded RNA from the recombinant vector, pGXXXOXX, in the 
bacterial strain AB301-105(DE3) or BL21(DE3) is made possible since all the genetic components 
for controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG. the T7 polymerase will drive the transcription of the target 
5 sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 

The optical density at 600 nm of the overnight bacterial culture is measured using an 
appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 

10 15 °C for 10 minutes. The supernatant is removed and the bacterial pellet resuspended in 50 ml of. 
fresh S complete medium (SNC medium plus 5 ug/ml cholesterol) supplemented with 100 ug/ml 
carbenicillin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. 
Heat treatment of bacteria 

Bacteria are killed by heat treatment in order to minimise the risk of contamination of the 

15 artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 

20 to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 
The tubes are stored at -20 °C until further use. 

E. Laboratory trials to test Escherichia coti expressing dsRNA targets against 
Anthonomus grandis 

Plant-based bioassays 

25 Whole plants are sprayed with suspensions of chemically induced bacteria expressing 

dsRNA prior to feeding the plants to CBW. The are grown from in a plant growth room chamber. 
The plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of 
the bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon 
mesh to permit aeration, reduce condensation inside and prevent insect escape. CBW are placed 

30 on each treated plant in the cage. Plants are treated with a suspension of E coli AB301-105(DE3) 
- harboring the pGXXXOXX piasmids or pGN29 plasmid. Different quantities of bacteria are applied 
to the plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial cells in 1 
ml of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a 
total volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One plant is 

35 used per treatment in this trial. The number of survivors are counted and the weight of each 
survivor recorded. 

Spraying plants with a suspension of E. coli bacterial strain AB301-105(DE3) expressing 
target dsRNA from pGXXXOXX lead to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
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gene targe! sequence produced in either wild-type or RNaselll-deficient bacterial expression 
systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
exemplification is provided for the effective protection of plants/crops from insect damage by the 
5 use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target 

Example 7: Tribolium castaneum (Red flour beetle) 

A. Cloning Tribolium castaneum partial sequences 

10 High quality, intact RNA was isolated from all the different insect stages of Tribolium 

castaneum (red flour beetle; source: Dr. Lara Senior, Insect Investigations Ltd., Capital Business 
Park, Wentloog, Cardiff, CF3 2PX, Wales, UK) using TRIzol Reagent (Cat. Nr. 15596-026/15596- 
018, Invitrogen, Rockville, Maryland, USA) following the manufacturer's instructions. Genomic DNA 
present in the RNA preparation was removed by DNase treatment following the manafacturer's 

15 instructions (Cat. Nr. 1700, Promega). cDNA was generated using a commercially available kit 
(Superscript ™ III Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, Rockville, Maryland, 
USA) following the manufacturer's instructions. 

To isolate cDNA sequences comprising a portion of the TC001, TC002, TC010, TC014 and 
TC015 genes, a series of PCR reactions with degenerate primers were performed using Amplitaq 

20 Gold (Cat. Nr. N8080240, Applied Biosystems) following the manafacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 
given in Table 2-TC. These primers were used in respective PCR reactions with the following 
conditions: 10 minutes at 95*C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 50°C and 
1 minute and 30 seconds at 72°C. followed by 7 minutes at 72°C (TC001, TC014, TC015); 10 

25 minutes at 95°C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 54°C and 2 minutes and 
30 seconds at 72°C, followed by 7 minutes at 72°C (TC010); 10 minutes at 95°C, followed by 40 
cycles of 30 seconds at 95°C, 1 minute at 53°C and 1 minute at 72°C, followed by 7 minutes at 
72°C (TC002) . The resulting PCR fragments were analyzed on agarose gel, purified (QIAquick Gel 
Extraction kit, Cat. Nr. 28706, Qiagen), cloned into the pCRS/GW/TOPO vector (Cat. Nr. K2500-20. 

30 Invitrogen), and sequenced. The sequences of the resulting PCR products are represented by the 
respective SEQ ID NOs as given in Table 2-TC and are referred to as the partial sequences. The 
corresponding partial amino acid sequences are represented by the respective SEQ ID NOs as 
given in Table 3-TC. 

B. dsRNA production of the Tribolium castaneum genes 

35 dsRNA was synthesized in milligram amounts using the commercially available kit T7 

Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 
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For each of the target genes, the sense T7 template was generated using specific T7 
forward and specific reverse primers. The sequences of the respective primers for amplifying the 
sense template for each of the target genes are given in Table 8-TC. The conditions in the PCR 
reactions were as follows: 1 minute at 95°C, followed by 20 cycles of 30 seconds at 95°C, 30 
5 seconds at 60°C (-0.5°C/cycle) and 1 minute at 72°C, followed by 15 cycles of 30 seconds at 95°C, 
30 seconds at 50°C and 1 minute at 72°C, followed by 10 minutes at 72°C. The anti-sense T7 
template was generated using specific forward and specific T7 reverse primers in a PCR reaction 
with the same conditions as described above. The sequences of the respective primers for 
amplifying the anti-sense template for each of the target genes are given in Table 8-TC. The 

10 resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
(Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The generated 
T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 
were annealed, DNase and RNase treated, and purified by. sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes 

15 is given in Table 8-TC. 

C. Laboratory trials to test dsRNA targets, using artificial diet for activity against 
Tribolium casta neum larvae 

The example provided below is an exemplification of the finding that the red flour beetle 
(RFB) larvae are susceptible to orally ingested dsRNA corresponding to own target genes. - 

20 Red flour beetles, Tribolium castaneum, were maintained at Insect Investigations Ltd. 

{origin: Imperial College of Science, Technology and Medicine, Silwood Park, Berkshire, UK). 
Insects were cultured according to company SOP/251/01. Briefly, the beetles were housed in 
plastic jars or tanks. These have an open top to allow ventilation. A piece of netting was fitted over 
the top and secured with an elastic band to prevent escape. The larval rearing medium "(flour) was 

25 placed in the container where the beetles can breed. The stored product beetle colonies were 
maintained in a controlled temperature room at 25 ± 3 °C with a 16:8 hour iightdark cycle. 

Double-stranded RNA from target TC014 (with sequence corresponding to SEQ ID NO - 
799) was incorporated into a mixture of flour and milk powder (wholemeal flour powdered milk in 
the ratio 4:1) and left to dry overnight. Each replicate was prepared separately: 100 pi of a 10 ug/ui 

30 dsRNA solution (1 mg dsRNA) was added to 0.1 g flour/milk mixture. The dried mixture was ground 
to a fine powder. Insects were maintained within Petri dishes (55 mm diameter), lined with a double 
layer of filter paper. The treated diet was placed between the two filter paper layers. Ten first instar, 
mixed sex larvae were placed in eacn dish (replicate). Four replicates were performed for each 
treatment. Control was Milli-Q water. Assessments (number of survivors) were made on a regular 

35 basis. During the trial, the test conditions were 25 - 33 °C and 20 - 25 % relative humidity, with a 
12:12 hour lighLdark photoperiod. 

Survival of larvae of 7. castaneum over time on artificial diet treated with target TC014 
dsRNA was significantly reduced when compared to diet only control, as shown in Figure 1-TC. 
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D. Cloning of a RFB gene fragment in a vector suitable for bacterial production of 
insect-active double- stranded RNA 

Whal follows is an example of cloning a DNA fragment corresponding to an RFB gene 
target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
5 vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
used (reference to WO0001846). 

The sequences of the specific primers used for the amplification of target genes are 
provided in Table 8-TC. The template used is the pCR8/GW/topo vector containing any of target 
sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
10 98°C. followed by 30 cycles of 10 seconds at 98°C. 30 seconds at 55°C and 2 minutes at 72'C, 
followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit, Cat. Nr. 28706. Qiagen), blunt-end cloned into Srf l-linearized 
pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
PCR product corresponds to the respective sequence as given in Table 8-TC. The recombinant 
15 vector harboring this sequence is named pGXXXOXX. 

E. Expression and production of a double-stranded RNA target in two strains of 
Escherichia coir. (1) AB301-105(DE3), and, (2) BL21(DE3) 

The procedures described below are followed in order to express suitable levels of insect- 
active double-stranded RNA of insect target in bacteria. An RNaselH-derlcient strain, AB301- 

20 105(DE3), is used in comparison to wild-type RNasetll-containing bacteria, BL21(DE3). 
Transformation ofAB301-105(DE3) and BL21(DE3) 

Three hundred ng of the plasmid are added to and gently mixed in a 50 pi aliquot of ice- 
chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 

25 which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty pi of room 
temperature SOC medium is added to the cells and the suspension incubated on a shaker (250 
rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 
conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 ug/ml 
carbenicillin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 

30 overnight (16 to 18 hours). 

Chemical induction of double-stranded RNA expression in AB301-105(DE3) and BL21(DE3) 

Expression of double-stranded RNA from the recombinant vector, pGXXXOXX, in the 
bacterial strain AB301-105(DE3) or BL21(DE3) is made possible since all the genetic components 
for controlled expression are present. In the presence of the chemical inducer 

35 isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 

The optical density at 600 nm of the overnight bacterial culture is measured using an 
appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
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ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 
15 °C for 10 minutes. The supernatant Is removed and the bacterial pellet resuspended in 50 ml of 
fresh S complete medium (SNC medium plus 5 ug/ml cholesterol) supplemented with 100 ug/ml 
carbenicillin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. 
5 Heat treatment of bacteria 

Bacteria are killed by heat treatment in order to minimise the risk of contamination of the 
artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
10 supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 
to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 
The tubes are stored at -20 °C until further use. 

F. Laboratory trials to test Escherichia coii expressing dsRNA targets against 
1 5 Tribolium castaneum 

Plant-based bioassays 

Whole plants are sprayed with suspensions of chemically induced bacteria expressing 
dsRNA prior to feeding the plants to RFB. The are grown from in a plant growth room chamber. 
The plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of 

20 the bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon 
mesh to permit aeration, reduce condensation inside and prevent insect escape. RFB are placed 
on each treated plant in the cage. Plants are treated with a suspension of E. coli AB301-105(DE3) 
harboring the pGXXXOXX plasmids or pGN29 plasmid. Different quantities of bacteria are applied 
to the plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial cells in 1 

25 ml of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a 
total volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One plant is 
used per treatment in this trial. The number of survivors are counted and the weight of each 
survivor recorded. 

Spraying plants with a suspension of E. coli bacterial strain AB301-105(DE3) expressing 
30 target dsRNA from pGXXXOXX Jeed to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 
systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
35 exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 

Example 8: Myzus persicae (Green peach aphid) 
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A. Cloning Myzus persicae partial sequences 

High quality, intact RNA was isolated from nymphs of Myzus persicae (green peach aphid; 
source: Dr. Rachel Down, Insect & Pathogen Interactions, Central Science Laboratory, Sand 
Hutton, York, Y041 1LZ, UK) using TRIzol Reagent (Cat. Nr. 15596-026/15596-018, Invitrogen, 
5 Rockville, Maryland, USA) following the manufacturer's instructions. Genomic DNA present in the 
RNA preparation was removed by DNase treatment following the manafacturer's instructions (Cat. 
Nr. 1700, Promega). cDNA was generated using a commercially available kit (Superscript ™ III 
Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, Rockville, Maryland, USA) following the 
manufacturer's instructions. 

10 To isolate cDNA sequences comprising a portion of the MP001, MP002, MP010, MP016 

and MP027 genes, a series of PCR reactions with degenerate primers were performed using 
Amplitaq Gold (Cat. Nr. N8080240, Applied Biosystems) following the manafacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 
given in Table 2-MP. These primers were used in respective PCR reactions with the following 

15 conditions: for MP001, MP002 and MP016, 10 minutes at 95°C, followed by 40 cycles of 30 
seconds at 95'C, 1 minute at 50°C and 1 minute 30 seconds at 72°C, followed by 7 minutes at 
72°C; for MP027, a touchdown program was used: 10 minutes at 95°C, followed by 10 cycles of 30 
seconds at 95°C, 40 seconds at 60°C with a decrease in temperature of 1°C per cycle and 1 
minute 10 seconds at 72°C, followed by 30 cycles of 30 seconds at 95°C, 40 seconds at 50°C and 

20 1 minute 10 seconds at 72°C, followed by 7 minutes at 72°C; for MP010, 10 minutes at 95°C, 
followed by 40 cycles of 30 seconds at 95°C, 1 minute at 54°C and 3 minutes at 72°C, followed by 
7 minutes at 72°C. The resulting PCR fragments were analyzed on agarose gel, purified (QIAquick 
Gel Extraction kit, Cat. Nr. 28706, Qiagen), cloned into the pCR8/GW/TOPO vector (Cat. Nr. 
K2500-20, Invitrogen), and sequenced. The sequences of trie resulting PCR products are 

25 represented by the respective SEQ ID NOs as given in Table 2-MP and are referred to as the 
partial sequences. The corresponding partial amino acid sequences are represented by the 
respective SEQ ID NOs as given in Table 3-MP. 

B. dsRNA production of Myzus persicae genes 

dsRNA was synthesized in milligram amounts using the commercially available kit T7 
30 Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

For each of the target genes, the sense T7 template was generated using specific T7 
forward and specific reverse primers. The sequences of the respective primers for amplifying the 
35 sense template for each of the target genes are given in Table 8-MP. A touchdown PCR was 
performed as follows: 1 minute at 95°C, followed by 20 cycles of 30 seconds at 95°C, 30 seconds 
at 55°C (for MP001, MP002, MP016, MP027 and gfp) or 30 seconds at 50°C (for MP010) with a 
decrease in temperature of 0.5°C per cycle and 1 minute at 72°C, followed by 15 cycles of 30 
seconds at 95"C, 30 seconds at 45°C and 1 minute at 72°C followed by 10 minutes at 72°C. The 
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anti-sense T7 template was generated using specific forward and specific T7 reverse primers in a 
PCR reaction with the same conditions as described above. The sequences of the respective 
primers for amplifying the anti-sense template for each of the target genes are given in Table 8- 
MP. The resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
5 (Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The generated 
T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 
were annealed, DNase and RNase treated, and purified by sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes 
is given in Table 8-MP. 

10 C. Laboratory trials of Myzus periscae (green peach aphid) infestation on transgenic 

Arabidopsis thaliana plants 

Generation of transgenic plants 

Arabidopsis thaliana plants were transformed using the floral dip method (Clough and Bent 
(1998) Plant Journal 16:735-743). Aerial parts of the plants were incubated for a few seconds in a 

15 solution containing 5% sucrose, resuspended Agrobacterium tumefaciens strain C58C1 Rif cells 
from an overnight culture and 0.03% of the surfactant Silwet L-77. After inoculation, plants were 
covered for 16 hours with a transparent plastic to maintain humidity. To increase the transformation 
efficiency, the procedure was repeated after one week. Watering was stopped as seeds matured 
and dry seeds were harvested and cold-treated for two days. After sterilization, seeds were plated 

20 on a kanamycin-containing growth medium for selection of transformed plants. 

The selected plants are transferred to soil for optimal T2 seed production. 
Bioassay 

Transgenic Arabidopsis thaliana plants are selected by allowing the segregating T2 seeds to 
germinate on appropriate selection medium. When the roots of these transgenics are well- 
25 established they are then transferred to fresh artificial growth medium or soil and allowed to grow 
under optimal conditions. Whole transgenic plants are tested against nymphs of the green peach 
aphid (Myzus persicae) to show (1) a significant resistance to plant damage by the feeding nymph, 
(2) increased nymphal mortality, and/or (3) decreased weight of nymphal survivors (or any other 
aberrant insect development). 

30 D. Laboratory trials to test dsRNA targets using liquid artificial diet for activity 

against Myzus persicae 

Liquid artificial diet for the green peach aphid. Myzus persicae, was prepared based on the 
diet suitable for pea aphids (Acyrthosiphon pisum), as described by Febvay et al. (1988) [Influence 
of the amino acid balance on the improvement of an artificial diet for a biotype of Acyrthosiphon 

35 pisum (Homoptera: Aphididae). Can. J. Zool. 66: 2449-2453], but with some modifications. The 
amino acids component of the diet was prepared as follows: in mg/100ml, alanine 178.71, beta- 
alanine 6.22, arginine 244.9, asparagine 298.55, aspartic acid 88.25, cysteine 29.59, glutamic acid 
149.36, glutamine 445.61, glycine 166.56, histidine 136.02, isoleucine 164.75, leucine 231.56, 
lysine hydrochloride 351.09, methionine 72.35, ornithine (HCI) 9.41, phenylalanine 293, proline 
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129.33, serine 124.28, threonine 127.16, tryptophane 42.75. tyrosine 38.63, L-valine 190.85. The 
amino acids were dissolved in 30 ml Milli-Q H 2 0 except for tyrosine which was first dissolved in a 
few drops of 1 M HCI before adding to the amino acid mix. The vitamin mix component of the diet 
was prepared as a 5 x concentrate stock as follows: in mg/L, amino benzoic acid 100, ascorbic acid 
5 1000. biotin 1, calcium pantothenate 50. choline chloride 500, folic acid 10, myoinositol 420, 
nicotinic acid 100; pyridoxine hydrochloride 25, riboflavin 5, thiamine hydrochloride 25. The 
riboflavin was dissolved in 1 ml H20 at 50 °C and then added to the vitamin mix stock. The vitamin 
mix was aliquoted in 20 ml per aliquot and stored at -20 °C. One aliquot of vitamin mix was added 
to the amino acid solution. Sucrose and MgS0 4 .7H 2 0 was added with the following amounts to the 

10 mix: 20 g and 242 mg, respectively. Trace metal stock solution was prepared as follows: in 
mg/100ml, CuS0 4 .5H 2 0 4.7. FeCI 3 .6H 2 0 44.5. MnC»2.4H20 6.5, NaCI 25.4, ZnCI 2 8.3. Ten ml of 
the trace metal solution and 250 mg KH 2 P0 4 was added to the diet and Milli-Q water was added to 
a final liquid diet volume of 100 ml. The pH of the diet was adjusted to 7 with 1 M KOH solution. 
The liquid diet was filter-sterilised through an 0.22 pm filter disc (Miilipore). 

15 Green peach aphids (Myzus persicae: source: Dr. Rachel Down, Insect & Pathogen 

Interactions, Central Science Laboratory, Sand Hutton, York. Y041 1LZ, UK) were reared on 4- to 
6-week-old oilseed rape {Brassica napus variety SW Oban; source: Nick Balaam, Sw Seed Ltd., 49 
North Road, Abington, Cambridge, CB1 6 AS, UK) in aluminium-framed cages containing 70 urn 
mesh in a controlled environment chamber with the following conditions: 23 ±2 °C and 60 ±5 % 

20 relative humidity, with a 16:8 hours light:dark photoperiod. 

One day prior to the start of the bioassay, adults were collected from the rearing cages and 
placed on fresh detached oilseed rape leaves in a Petri dish and left overnight in the insect 
chamber. The following day, first-instar nymphs were picked and transferred to feeding chambers. 
A feeding chamber comprised of 10 first instar nymphs placed in a small Petri dish (with diameter 3 

25 cm) covered with a single layer of thinly stretched parafilm M onto which 50 pi of diet was added. 
The chamber was sealed with a second layer of parafilm and incubated under the same conditions 
as the adult cultures. Diet with dsRNA was refreshed every other day and the insects' survival 
assessed on day 8 i.e. 8 th day post bioassay start. Per treatment, 5 bioassay feeding chambers 
(replicates) were set up simultaneously. Test and control (gfp) dsRNA solutions were incorporated 

30 into the diet to a final concentration of 2 ug/ul. The feeding chambers were kept at 23 ±2 °C and 60 
±5 % relative humidity, with a 16:8 hours light:dark photoperiod. A Mann- Whitney test was 
determined by GraphPad Prism version 4 to establish whether the medians do differ significantly 
between target 27 (MP027) and gfp dsRNA. 

In the bioassay, feeding liquid artificial diet supplemented with intact naked dsRNA from 

35 target 27 (SEQ ID NO 1061) to nymphs of Myzus persicae, using a feeding chamber, resulted in a 
significant increase in mortality, as shown in Figure 1. Average percentage survivors for target 27, 
gfp dsRNA and diet only treatment were 2, 34 and 82, respectively. Comparison of target 027 with 
gfp dsRNA groups using the Mann-Whitney test resulted in an one-tailed P-value of 0.004 which 
indicates that the median of target 027 is significantly different (P < 0.05) from the expected larger 

40 median of gfp dsRNA. The green peach aphids on the liquid diet with incorporated target 27 
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dsRNA were noticeably smaller than those that were fed on diet only or with gfp dsRNA control 
(data not presented). 

E. Cloning of a GPA gene fragment in a vector suitable for bacterial production of 
insect-active double-stranded RNA 

5 What follows is an example of cloning a DNA fragment corresponding to a GPA gene 

target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
used (reference to WO0001846). 

The sequences of the specific primers used for the amplification of target genes are 

10 provided in Table 8-MP. The template used is the pCR8/GW7topo vector containing any of target 
sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
98°C. followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55°C and 2 minutes at 72°C, 
followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf l-linearized 

15 pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
PCR product corresponds to the respective sequence as given in Table 8-MP. The recombinant 
vector harboring this sequence is named pGXXXOXX. 

F. Expression and production of a double-stranded RNA target in two strains of 
Escherichia coli: (1) AB301-105(DE3), and, (2) BL21(DE3) 

20 The procedures described below are followed in order to express suitable levels of insect- 

active double-stranded RNA of insect target in bacteria. An RNaselll-deficient strain, AB301- 
105(DE3), is used in comparison to wild-type RNaselll-containing bacteria, BL21(DE3). 
Transformation of AB30 1-105(DE3) and BL21 (DE3) 

Three hundred ng of the plasmid are added to and gently mixed in a 50 pi aliquot of ice- 

25 chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 
which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty pi of room 
temperature SOC medium is added to the cells and the suspension incubated on a shaker (250 
rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 

30 conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 pg/ml 
carb.enicillin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 
overnight (16 to 18 hours). 

Chemical induction of double-stranded RNA expression in AB301-105(DE3) and BL21(DE3) 

Expression of double-stranded RNA from the recombinant vector, pGXXXOXX, in the 
35 bacterial strain AB301-105(DE3) or BL21(DE3) is made possible since all the genetic components 
for controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG. the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 
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The optical density at 600 nm of the overnight bacterial culture is measured using an 
appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 
15 °C for 10 minutes. The supernatant is removed and the bacterial pellet resuspended in 50 ml of 
5 fresh S complete medium (SNC medium plus 5 ug/ml cholesterol) supplemented with 100 ug/ml 
carbeniciilin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. 
Heat treatment of bacteria 

Bacteria are killed by heat treatment in order to minimise the risk of contamination of the 
artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 

10 RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 
to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 

1 5 The tubes are stored at -20 °C until further use. 

G. Laboratory trials to test Escherichia co// expressing dsRNA targets against Myzus 
persicae 

Plant-based bioassays 

Whole plants are sprayed with suspensions of chemically induced bacteria expressing 

20 dsRNA prior to feeding the plants to GPA. The are grown from in a plant growth room chamber. 
The plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of 
the bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon 
mesh to permit aeration, reduce condensation inside and prevent insect escape. GPA are placed 
on each treated plant in the cage. Plants are treated with a suspension of E. coli AB30 1-1 05(DE3) 

25 harboring the pGXXXOXX plasmids or pGN29 plasmid. Different quantities of bacteria are applied 
to the plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial cells in 1 
ml of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a 
total volume of between 1 and 1 0 ml s sprayed on the plant with the aid of a vaporizer. One plant is 
used per treatment in this trial. The number of survivors are counted and the weight of each 

30 survivor recorded. 

Spraying plants with a suspension of E. coii bacterial strain AB301-105(DE3) expressing 
target dsRNA from pGXXXOXX lead to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 

35 systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 
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Example 9: Nifaparvata lugens (Brown plant hopper) 

A. Cloning Nifaparvata lugens partial sequences 

From high quality total RNA of Nilaparvata lugens (source: Dr. J. A. Gatehouse, Dept. 
5 Biological Sciences, Durham University, UK) cDNA was generated using a commercially available 
kit (SuperScriptTM III Reverse Transcriptase, Cat N°. 18080044, Invitrogen, Rockvilie, Maryland, 
USA) following the manufacturer's protocol. 

To isolate cDNA sequences comprising a portion of the Nilaparvata lugens NL001, NL002, 
NL003, NL004, NL005, NL006, NL007, NL008, NL009, NL010, NL011, NL012, NL013, NL014, 

10 NL015, NL016, NL018, NL019, NL021, NL022. and NL027 genes, a series of PCR reactions with 
degenerate primers were performed using Amplitaq Gold (Cat N°. N8080240; Applied Biosystems) 
following the manufacturer's protocol. 

The sequences of the degenerate primers used for amplification of each of the genes are 
given in Table 2-NL These primers were used in respective PCR reactions with the following 

1 5 conditions: for NL001 : 5 minutes at 95°C. followed by 40 cycles of 30 seconds at 95°C, 1 minute at 
55°C and 1 minute at 72°C, followed by 10 minutes at 72°C: for NL002: 3 minutes at 95°C, 
followed by 40 cycles of 30 seconds at 95°C, 1 minute at 55°C and 1 minute at 72°C, followed by 
10 minutes at 72°C: for NL003: 3 minutes at 95 °C, followed by 40 cycles of 30 seconds at 95 °C, 1 
minute at 61 °C and 1 minute at 72 °C, followed by 10 minutes at 72°C; for NL004: 10 minutes at 

20 95 °C, followed by 40 cycles of 30 seconds at 95 °C, 1 minute at 51 *C and 1 minute at 72 °C; for 
NL005: 10 minutes at 95 °C, followed by 40 cycles of 30 seconds at 95 *C, 1 minute at 54 °C and 1 
minute at 72 °C, followed by 10 minutes at 72°C; for NL006: 10 minutes at 95 °C, followed by 40 
cycles of 30 seconds at 95 °C, 1 minute at 55 °C and 3 minute 30 seconds at 72 °C, followed by 10 
minutes at 72°C; for NL007: 10 minutes at 95 °C, followed by 40 cycles of 30 seconds at 95 °C, 1 

25 minute at 54 °C and 1 minute 15 seconds at 72 X, followed by 10 minutes at 72°C; for NL008 & 
NL014: 10 minutes at 95 °C, followed by 40 cycles of 30 seconds at 95 °C, 1 minute at 53 °C and 1 
minute at 72 D C, followed by 10 minutes at 72 a C; for NL009, NL011, NL012 & NL019: 10 minutes at 
95 °C, followed by 40 cycles of 30 seconds at 95 °C, 1 minute at 55 °C and 1 minute at 72 °C, 
followed by 10 minutes at 72°C; for NL010: 10 minutes at 95 °C, followed by 40 cycles of 30 

30 seconds at 95 °C, 1 minute at 54 °C and 2 minute 30 seconds at 72 °C f followed by 10 minutes at 
72°C; for NL013: 10 minutes at 95 °C, followed by 40 cycles of 30 seconds at 95 °C, 1 minute at 54 
°C and 1 minute 10 seconds at 72 °C, followed by 10 minutes at 72°C; for NL015 & NL016: 10 
minutes at 95 °C, followed by 40 cycles of 30 seconds at 95 °C, 1 minute at 54 °C and 1 minute 40 
seconds at 72 °C, followed by 10 minutes at 72°C; for NL018: 10 minutes at 95 °C, followed by 40 

35 cycles of 30 seconds at 95 *C, 1 minute at 54 °C and 1 minute 35 seconds at 72 °C, followed by 10 
minutes at 72°C; for NL021, NL022 & NL027: 10 minutes at 95 °C, followed by 40 cycles of 30 
seconds at 95 °C, 1 minute at 54 °C and 1 minute 45 seconds at 72 °C, followed by 10 minutes at 
72°C. The resulting PCR fragments were analyzed on agarose gel, purified (QIAquick Gel 
Extraction kit, Cat. Nr. 28706, Qiagen), cloned into the pCR8/GW/topo vector (Cat. Nr. K2500 20, 
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Invitrogen), and sequenced. The sequences of the resulting PCR products are represented by the 
respective SEQ ID NOs as given in Table 2-NL and are referred to as the partial sequences. The 
corresponding partial amino acid sequences are represented by the respective SEQ ID NOs as 
given in Table 3-NL. 

5 B. Cloning of a partial sequence of the Nilaparvata lugens NL023 gene via EST 

sequence 

From high quality total RNA of Nilaparvata lugens (source: Dr. J. A. Gatehouse, Dept. 
Biological Sciences, Durham University, UK) cDNA was generated using a commercially available 
kit (Superscript™ HI Reverse Transcriptase, Cat N a . 18080044, Invitrogen, Rockville, Maryland, 

10 USA) following the manufacturer's protocol. 

A partial cDNA sequence, NL023. was amplified from Nilaparvata lugens cDNA which 
corresponded to a Nilaparvata lugens EST sequence in the public database Genbank with 
accession number CAH65679.2. To isolate cDNA sequences comprising a portion of the NL023 
gene, a series of PCR reactions with EST based specific primers were performed using 

15 PerfectShot™ ExTaq (Cat N°. RR005A, Takara Bio Inc.) following the manafacturer's protocol. 

For NL023, the specific primers OGBKW002 and OGBKW003 (represented herein as SEQ 
ID NO 1157 and SEQ ID NO 1158, respectively) were used in two independent PCR reactions with 
the following conditions: 3 minutes at 95 °C, followed by 30 cycles of 30 seconds at 95 °C, 30 
seconds at 56 °C and 2 minutes at 72 °C, followed by 10 minutes at 72°C. The resulting PCR 

20 products were analyzed on agarose gel, purified (QIAquick® Gel Extraction Kit; Cat. N°. 28706, 
Qiagen), cloned into the pCR4-TOPO vector (Cat N°. K4575-40, Invitrogen) and sequenced. The 
consensus sequence resulting from the sequencing of both PCR products is herein represented by 
SEQ ID NO 1111 and is referred to as the partial sequence of the NL023 gene. The corresponding 
partial amino acid sequence is herein reperesented as SEQ ID NO 1112. 

25 C. dsRNA production of Nilaparvata lugens genes 

dsRNA was synthesized in milligram amounts using the commercially available kit T7 
Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

30 For each of the target genes, the sense T7 template was generated using specific T7 

forward and specific reverse primers. The sequences of the respective primers for amplifying the 
sense template for each of the target genes are given in Table 8-NL. The conditions in the PCR 
reactions were as follows: for NL001 & NL002: 4 minutes at 94 °C, followed by 35 cycles of 30 
seconds at 94 °C, 30 seconds at 60 °C and 1 minute at 72 °C. followed by 10 minutes at 72*C; for 

35 NL003: 4 minutes at 94 °C, followed by 35 cycles of 30 seconds at 94 °C, 30 seconds at 66 °C and 
1 minute at 72 °C, followed by 10 minutes at 72°C; for NL004. NL006, NL008, NL009, NL010 & 
NL019: 4 minutes at 95 °C, followed by 35 cycles of 30 seconds at 95 °C, 30 seconds at 54 d C and 
1 minute at 72 °C, followed by 10 minutes at 72°C; for NL005 & NL016: 4 minutes at 95 'C, 
followed by 35 cycles of 30 seconds at 95 °C, 30 seconds at 57 °C and 1 minute at 72 °C, followed 
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by 10 minutes at 72°C; for NL007 & NL014: 4 minutes at 95 °C, followed by 35 cycles of 30 
seconds at 95 °C, 30 seconds at 51 *C and 1 minute at 72 °C, followed by 10 minutes at 72°C; for 
NL011, NL012 & NL022: 4 minutes at 95 °C. followed by 35 cycles of 30 seconds at 95 °C. 30 
seconds at 53 °C and 1 minute at 72 °C, followed by 10 minutes at 72°C; for NL013. NL015, NL018 
5 & NL021 : 4 minutes at 95 °C, followed by 35 cycles of 30 seconds at 95 °C, 30 seconds at 55 °C 
and 1 minute at 72 °C, followed by 10 minutes at 72°C; for NL023 & NL027: 4 minutes at 95 °C, 
followed by 35 cycles of 30 seconds at 95 °C, 30 seconds at 52 °C and 1 minute at 72 °C, followed 
by 10 minutes at 72°C. The anti-sense T7 template was generated using specific forward and 
specific T7 reverse primers in a PCR reaction with the same conditions as described above. The 

10 sequences of the respective primers for amplifying the anti-sense template for each of the target 
genes are given in Table 8-NL. The resulting PCR products were analyzed on agarose gel and 
purified by PCR purification kit (Qiaquick PCR Purification Kit. Cat. Nr. 28106, Qiagen). The 
generated T7 forward and reverse templates were mixed to be transcribed and the resulting RNA 
strands were annealed, DNase and RNase treated, and purified by sodium acetate, following the 

15 manufacturer's instructions, but with the following modification: RNA peppet is washed twice in 
70% ethanol. The sense strand of the resulting dsRNA for each of the target genes is given in 
Table 8-NL. 

The template DNA used for the PCR reactions with T7 primers on the green fluorescent 
protein (gfp) control was the plasmid pPD96.12 (the Fire Lab, http://genome- 

20 www.stanford.edu/group/fire/), which contains the wild-type gfp coding sequence interspersed by 3 
synthetic introns. Double-stranded RNA was synthesized using the commercially available kit T7 
RiboMAX™ Express RNAi System (Cat.N°. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. For gfp, the 

25 sense T7 template was generated using the specific T7 FW primer oGAU183 and the specific RV 
primer oGAU182 (represented herein as SEQ ID NO 236 and SEQ ID NO 237 , respectively) in a 
PCR reaction with the following conditions: 4 minutes at 95 °C, followed by 35 cycles of 30 seconds 
at 95 °C, 30 seconds at 55 °C and 1 minute at 72 °C, followed by 10 minutes at 72 a C. The anti- 
sense T7 template was generated using the specific FW primer oGAU181 and the specific T7 RV 

30 primer OGAU184 (represented herein as SEQ ID NO 238 and SEQ ID NO 239 , respectively) in a 
PCR reaction with the same conditions as described above. The resulting PCR products were 
analyzed on agarose gel and purified (QIAquick® PCR Purification Kit; Cat. N*. 28106, Qiagen). 
The generated T7 FW and RV templates were mixed to be transcribed and the resulting RNA 
strands were annealed, DNase and RNase treated, and purified by precipitation with sodium 

35 acetate and isopropanol, following the manufacturer's protocol, but with the following modification: 
RNA peppet is washed twice in 70% ethanol. The sense strands of the resulting dsRNA is herein 
represented by SEQ ID NO 235. 

D. Laboratory trials to screen dsRNA targets using liquid artificial diet for activity 
against NUaparvata tugens 
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Liquid artificial diet (MMD-1) for the rice brown planthopper, Nilaparvata tugens, was 
prepared as described by Koyama (1988) [Artificial rearing and nutritional physiology of the 
planthoppers and leafhoppers {Homoptera: Delphacidae and Deltocephalidae) on a holidic diet. 
JARQ 22: 20-27], but with a modification in final concentration of diet component sucrose: 14.4 % 
5 (weight over volume) was used. Diet components were prepared as separate concentrates: 10 x 
mineral stock (stored at 4 °C), 2 x amino acid stock (stored at -20 °C) and 10 x vitamin stock 
(stored at -20 °C). The stock components were mixed immediately prior to the start of a bioassay to 
4/3 x concentration to allow dilution with the test dsRNA solution (4 x concentration), pH adjusted to 
6.5, and filter-sterilised into approximately 500 pi aliquots. 

10 Rice brown planthopper (Nilaparvata lugens) was reared on two-to-three month old rice 

(Oryza sativa cv Taichung Native 1) plants in a controlled environment chamber: 27 ± 2 °C, 80 % 
relative humidity, with a 16:8 hours light:dark photoperiod. A feeding chamber comprised 10 first or 
second instar nymphs placed in a small petri dish (with diameter 3 cm) covered with a single layer 
of thinly stretched parafilm M onto which 50 pi of diet was added. The chamber was sealed with a 

15 second layer of parafilm and incubated under the same conditions as the adult cultures but with no 
direct light exposure. Diet with dsRNA was refreshed every other day and the insects' survival 
assessed daily. Per treatment, 5 bioassay feeding chambers (replicates) were set up 
simultaneously. Test and control (gfp) dsRNA solutions were incorporated into the diet to a final 
concentration of 2 mg/ml. The feeding chambers were kept at 27 ± 2 °C, 80 % relative humidity, 

20 with a 16:8 hours light:dark photoperiod. Insect survival data were analysed using the Kaplan-Meier 
survival curve model and the survival between groups were compared using the logrank test (Prism 
version 4.0). 

Feeding liquid artificial diet supplemented with intact naked dsRNAs to Nilaparvata lugens 
in vitro using a feeding chamber resulted in significant increases in nymphal mortalities as shown in 
25 four separate bioassays (Figures 1(a)-(d)-NL; Tables 10-NL{a)-(d)) (Durham University). These 
results demonstrate that dsRNAs corresponding to different essential BPH genes showed 
significant toxicity towards the rice brown planthopper. 

Effect of gfp dsRNA on BPH survival in these bioassays is not significantly different to 
survival on diet only 

30 Tables 10-NL(a)-(d) show a summary of the survival of Nilaparvata lugens on artificial diet 

supplemented with 2 mg/ml (final concentration) of the following targets; in Table 10-NL(a): NL002, 
NL003, NL005, NL010; in Table 10-NL(b): NL009, NL016; in Table 10-NL{c): NL014, NL018; and 
in Table 10-NL(d): NL013, NL015, NL021. In the survival analysis column, the effect of RNAi is 
indicated as follows: + = significantly decreased survival compared to gfp dsRNA control (alpha < 

35 0.05); - = no significant difference in survival compared to gfp dsRNA control. Survival curves were 
compared (between diet only and diet supplemented with test dsRNA, gfp dsRNA and test dsRNA, 
and diet only and gfp dsRNA) using the logrank test. 

E. Laboratory trials to screen dsRNAs at different concentrations using artificial diet 
for activity against Nilaparvata lugens 
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Fifty pi of liquid artificial diet supplemented with different concentrations of target NL002 
dsRNA, namely 1, 0.2, 0.08. and 0.04 mg/ml (final concentration), was applied to the brown 
planthopper feeding chambers. Diet with dsRNA was refreshed every other day and the insects' 
survival assessed daily. Per treatment, 5 bioassay feeding chambers (replicates) were set up 
5 simultaneously. The feeding chambers were kept at 27 ± 2 °C, 80 % relative humidity, with a 16:8 
hours light:dark photoperiod. Insect survival data were analysed using the Kaplan- Meier survival 
curve model and the survival between groups were compared using the logrank test (Prism version 
4.0). 

Feeding liquid artificial diet supplemented with intact naked dsRNAs of target NL002 at different 
10 concentrations resulted in significantly higher BPH mortalities at final concentrations of as low as 
0.04 mg dsRNA per ml diet when compared with survival on diet only, as shown in Figure 2-NL 
and Table 11 -NL. Table 11 -NL summarizes the survival of Nilaparvata lugens artificial diet feeding 
trial supplemented with 1. 0.2, 0.08, & 0.04 mg/ml (final concentration) of target NL002. In the 
survival analysis column the effect of RNAi is indicated as follows: + = significantly decreases 
15 survival compared to diet only control (alpha < 0.05); - = no significant differences in survival 
compared to diet only control. Survival curves were compared using the logrank test. 

F. Cloning of a BPH gene fragment in a vector suitable for bacterial production of 
insect-active double-stranded RNA 

What follows is an example of cloning a DNA fragment corresponding to a BPH gene 
20 target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
used (reference to WO0001846). 

The sequences of the specific primers used for the amplification of target genes are 
provided in Table 8-NL. The template used is the pCR8/GW/topo vector containing any of target 
25 sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
98^, followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55°C and 2 minutes at 72°C, 
followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit. Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf l-linearized 
pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
30 PCR product corresponds to the respective sequence as given in Table 8-NL. The recombinant 
vector harboring this sequence is named pGXXXOXX. 

G. Expression and production of a double- stranded RNA target in two strains of 
Escherichia coli: (1) AB301-105(DE3), and, (2) BL21(DE3) 

The procedures described below are followed in order to express suitable levels of insect- 
35 active double-stranded RNA of insect target in bacteria. An RNaselll-deficient strain, AB301- 
105(DE3), is used in comparison to wild-type RNaselll-containing bacteria, BL21(DE3). 
Transformation of AB30M05(DE3) and BL21(DE3) 

Three hundred ng of the plasmid are added to and gently mixed in a 50 pi aliquol of ice- 
chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
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on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 
which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty pi of room 
temperature SOC medium is added to the ceils and the suspension incubated on a shaker (250 
rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 
5 conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 pg/ml 
carbenicillin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 
overnight (16 to 18 hours). 

Chemical induction of double-stranded RNA expression in AB301-105(DE3) and BL21(D£3) 

Expression of double- stranded RNA from the recombinant vector, pGXXXOXX, in the 
10 bacterial strain AB301-105(DE3) or BL21(DE3) is made possible since all the genetic components 
for controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 

15 The optical density at 600 nm of the overnight bacterial culture is measured using an 

appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 
15 °C for .10 minutes. The supernatant is removed and the bacterial pellet resuspended in 50 ml of 
fresh S complete medium (SNC medium plus 5 pg/ml cholesterol) supplemented with 100 pg/ml 

20 carbenicillin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. 
Heat treatment of bacteria 

Bacteria are killed by heat treatment in order to minimise the risk of contamination of the 
artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 

25 induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 
to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 
The tubes are stored at -20 °C until further use. 

30 H. Laboratory trials to test Escherichia coli expressing dsRNA targets against 

Nilaparvata fug ens 

Plant-based bioassays 

. Whole plants are sprayed with suspensions of chemically induced bacteria expressing 
dsRNA prior to feeding the plants to BPH. The are grown from in a plant growth room chamber. 
35 The plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of 
the bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon 
mesh to permit aeration, reduce condensation inside and prevent insect escape. BPH are placed 
on each treated plant in the cage. Plants are treated with a suspension of E. coli AB30 1-1 05(DE3) 
harboring the pGXXXOXX plasmids or pGN29 plasmid. Different quantities of bacteria are applied 
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to the plants: for instance 66, 22. and 7 units, where one unit is defined as 10 9 bacterial cells in 1 
ml of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a 
total volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One plant is 
used per treatment in this trial. The number of survivors are counted and the weight of each 
5 survivor recorded. 

Spraying plants with a suspension of E. coli bacterial strain AB301-105(DE3) expressing 
target dsRNA from pGXXXOXX leed to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 
10 systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 

15 

Example 10: Chila suppressalis (Rice striped stem borer) 

A. Cloning of partial sequence of the Chilo suppressalis genes via family PCR 

High quality, intact RNA was isolated from the 4 different larval stages of Chilo 
suppressalis (rice striped stem borer) using TRIzol Reagent (Cat. Nr. 15596-026/15596-018, 

20. Invitrogen, Rockville, Maryland, USA) following the manufacturer's instructions. Genomic DNA 
present in the RNA preparation was removed by DNase treatment following the manafacturer's 
instructions (Cat. Nr. 1700, Promega). cDNA was generated using a commercially available kit 
(Superscript ™ III Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, Rockville, Maryland, 
USA) following the manufacturer's instructions. 

25 To isolate cDNA sequences comprising a portion of the CS001, CS002, CS003, CS006, 

CS007, CS009, CS011, CS013, CS014, CS015, CS016 and CS018 genes, a series of PCR 
reactions with degenerate primers were performed using Amplitaq Gold (Cat. Nr. N8080240, 
Applied Biosystems) following the manafacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 

30 given in Table 2-CS. These primers were used in respective PCR reactions with the following 
conditions: 10 minutes at 95°C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 55°C and 
1 minute at 72°C, followed by 10 minutes at 72°C. The resulting PCR fragments were analyzed on 
agarose gel, purified (QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), cloned into the 
pCR4/TOPO vector (Cat. Nr. K2500-20, Invitrogen), and sequenced. The sequences of the 

35 resulting PCR products are represented by the respective SEQ ID NOs as given in Table 2-CS and 
are referred to as the partial sequences. The corresponding partial amino acid sequences are 
represented by the respective SEQ ID NOs as given in Table 3-CS. 

B. dsRNA production of the Chilo suppressalis genes 
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dsRNA was synthesized in milligram amounts using the commercially available kit T7 
Ribomax™ Express RNAi System (Cat. Nr. P170O, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 
5 For each of the target genes, the sense T7 template was generated using specific T7 

forward and specific reverse primers. The sequences of the respective primers for amplifying the 
sense template for each of the target genes are given in Table 8-CS. The conditions in the PCR 
reactions were as follows: 4 minutes at 95°C, followed by 35 cycles of 30 seconds at 95°C, 30 
seconds at 55°C and 1 minute at 72°C, followed by 10 minutes at 72°C. The anti-sense T7 

10 template was generated using specific forward and specific T7 reverse primers in a PCR reaction 
with the same conditions as described above. The sequences of the respective primers for 
amplifying the anti-sense template for each of the target genes are given in Table 8-CS. The 
resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
(Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCIO* precipitation. The generated 

15 T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 
were annealed, DNase and RNase treated, and purified by sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes . 
is given in Table 8-CS. 

C. Laboratory trials to test dsRNA targets, using artificial diet for activity against 

20 Chilo suppressalis larvae 

Rice striped stem borers, Chilo suppressalis, (origin: Syngenta, Stein, Switzerland) were 
maintained on a modified artificial diet based on that described by Kamano and Sato, 1985 (in: 
Handbook of Insect Rearing. Volumes I & II. P Singh and RF Moore, eds., Elsevier Science 
Publishers. Amsterdam and New York, 1985, pp 448). Briefly, a litre diet was made up as follows: 

25 20 g of agar added to 980 ml of Milli-Q water and autoclaved; the agar solution was cooled down to 
approximately 55 °C and the remaining ingredients were added and mixed thoroughly: 40 g corn 
flour (Polenta), 20 g cellulose, 30 g sucrose, 30 g casein, 20 g wheat germ (toasted), 8 g Wesson 
salt mixture, 12 g Vanderzant vitamin mix, 1.8 g sorbic acid, 1.6 g nipagin (methylparaben), 0.3 g 
aureomycin, 0.4 g cholesterol and 0.6 g L-cysteine. The diet was cooled down to approx. 45 °C and 

30 poured into rearing trays or cups. The diet was left to set in a horizontal laminair flow cabin. Rice 
leaf sections with oviposited eggs were removed from a cage housing adult moths and pinned to 
the solid diet in the rearing cup or tray. Eggs were left to hatch and neonate larvae were available 
for bioassays and the maintenance of the insect cultures. During the trials and rearings, the 
conditions were 28 ± 2 °C and 80 ± 5 % relative humidity, with a 16:8 hour light:dark photoperiod. 

35 The same artificial diet is used for the bioassays but in this case the diet is poured equally 

in 24 multiwell plates, with each well containing 1 ml diet. Once the diet is set, the test formulations 
are applied to the diet's surface (2 cm 2 ), at the rate of 50 ul of 1 ug/ul dsRNA of target. The dsRNA 
solutions are left to dry and two first instar moth larvae are placed in each well. After 7 days, the 
larvae are transferred to fresh treated diet in multiwell plates. At day 14 (i.e. 14 days post bioassay 
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start) the number of live and dead insects is recorded and examined for abnormalities. Twenty-four 
larvae in total are tested per treatment. 

An alternative bioassay is performed in which treated rice leaves are fed to neonate larvae 
of the rice striped stem borer. Small leaf sections of Indica rice variety Taichung native 1 are 
5 dipped in 0.05 % Triton X-100 solution containing 1 ug/ul of target dsRNA, left to dry and each 
section placed in a well of a 24 multiwell plate containing gellified 2 % agar. Two neonates are 
transferred from the rearing tray to each dsRNA treated leaf section (24 larvae per treatment). After 
4 and 8 days, the larvae are transferred to fresh treated rice leaf sections. The number of live and 
dead larvae are assessed on days 4, 8 and 12; any abnormalities are also recorded. 

10 D. Cloning of a SSB gene fragment In a vector suitable for bacterial production of 

insect-active double-stranded RNA 

What follows is an example of cloning a DNA fragment corresponding to an SSB gene 
. target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
1 5 used (reference to WO0001846). 

The sequences of the specific primers used for the amplification of target genes are 
provided in Table 8-CS. The template used is the pCR8/GW/topo vector containing any of target 
sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
98°C, followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55°C and 2 minutes at 72°C, 
20 followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), blunt-end cloned Into Srf Minearized 
pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
PCR product corresponds to the respective sequence as given in Table 8-CS. The recombinant 
vector harboring this sequence is named pGXXXOXX. 

25 E. Expression and production of a double-stranded RNA target in two strains of 

Escherichia coir. (1) AB301-105(DE3), and, (2) BL21(DE3) 

The procedures described below are followed in order to express suitable levels of insect- 
active double-stranded RNA of insect target in bacteria. An RNaselll-deficient strain, AB301- 
105(DE3), is used in comparison to wild-type RNaselll-containing bacteria, BL21(OE3). 

30 Transformation of AB301-105(DE3) and BL21(DE3) 

Three hundred ng of the plasmid are added to and gently mixed in a 50 pi aliquot of ice- 
chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 
which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty pi of room 

35 temperature SOC medium is added to the cells and the suspension incubated on a shaker (250 
rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 
conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 ug/ml 
carbeniciilin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 
overnight ( 1 6 to 1 8 hours). 
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Chemical induction of double-stranded RNA expression in AB301-1Q5(DE3) and BL21(DE3) 

Expression of double- stranded RNA from the recombinant vector, pGXXXOXX, in the 
bacterial strain AB30i-105(DE3) or BL21(DE3) is made possible since all the genetic components 
for controlled expression are present. In the presence of the chemical inducer 
5 isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 

The optical density at 600 nm of the overnight bacterial culture is measured using an 
appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
10 ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 
15 °C for 10 minutes. The supernatant is removed and the bacterial pellet resuspended in 50 ml of 
fresh S complete medium (SNC medium plus 5 ug/ml cholesterol) supplemented with 100 ug/ml 
carbenicillin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. 

Heat treatment of bacteria 

15 Bacteria are killed by heat treatment in order to minimise the risk of contamination of the 

artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 

20 treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 
to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 
The tubes are stored at -20 °C until further use. 

F. Laboratory trials to test Escherichia coli expressing dsRNA targets against Chile* 
suppressaiis 

25 Plant-based bioassays 

Whole plants are sprayed with suspensions of chemically induced bacteria expressing 
dsRNA prior to feeding the plants to SSB. The are grown from in a plant growth room chamber. 
The plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of 
the bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon 

30 mesh to permit aeration, reduce condensation inside and prevent insect escape. SSB are placed 
on each treated plant in the cage. Plants are treated with a suspension of £ coli AB30 1-1 05(D E3) 
harboring the pGXXXOXX plasmids or pGN29 plasmid. Different quantities of bacteria are applied 
to the plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial cells in 1 
ml of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a 

35 total volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One plant is 
used per treatment in this trial. The number of survivors are counted and the weight of each 
survivor recorded. 

Spraying plants with a suspension of £ coli bacterial strain AB301-105(DE3) expressing 
target dsRNA from pGXXXOXX leed to a dramatic increase in insect mortality when compared to 
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pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 
systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
5 exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 

Example 11: Plutella xylostelfa (Diamondback moth) 

10 A. Cloning of a partial sequence of the Plutella xylostelfa 

High quality, intact RNA was isolated from all the different larval stages of Plutella 
xylostella (Diamondback moth; source: Dr. Lara Senior, Insect Investigations Ltd., Capital Business 
Park, Wentloog, Cardiff, CF3 2PX, Wales, UK) using TRIzol Reagent (Cat. Nr. 15596-026715596- 
018, Invitrogen, Rockville, Maryland, USA) following the manufacturer's instructions. Genomic DNA 

15 present in the RNA preparation was removed by DNase treatment following the manufacturer's 
instructions (Cat. Nr. 1700, Promega). cDNA was generated using a commercially available kit 
(Superscript ™ III Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, Rockville, Maryland, 
USA) following the manufacturer's instructions. 

To isolate cDNA sequences comprising a portion of the PX001. PX009, PX010, PX015, 

20 PX016 genes, a series of PCR reactions with degenerate primers were performed using Amplitaq 
Gold (Cat. Nr. N8080240, Applied Biosystems) following the manufacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 
given in Table 2-PX. These primers were used in respective PCR reactions with the following 
conditions: 10 minutes at 95°C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 50°C and 

25 1 minute and 30 seconds at 72°C, followed by 7 minutes at 72°C (for PX001, PX009, PX015, 
PX016); 10 minutes at 95°C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 54°C and 2 
minute and 30 seconds at 72°C, followed by 7 minutes at 72°C (for PX010). The resulting PCR 
fragments were analyzed on agarose gel, purified (QIAquick Gel Extraction kit, Cat. Nr. 28706, 
Oiagen), cloned into the pCR8/GW7TOPO vector (Cat. Nr. K2500-20, Invitrogen) and sequenced. 

30 The sequences of the resulting PCR products are represented by the respective SEQ ID NOs as 
given in Table 2-PX and are referred to as the partial sequences. The corresponding partial amino 
acid sequence are represented by the respective SEQ ID NOs as given in Table 3-PX. 

B. dsRNA production of the Plutella xylostella genes 

dsRNA was synthesized in milligram amounts using the commercially available kit T7 
35 Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega). First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

For each of the target genes, the sense T7 template was generated using specific T7 
forward and specific reverse primers. The sequences of the respective primers for amplifying the 
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sense template for each of the target genes are given in Table 8-PX. The conditions in the PCR 
reactions were as follows: 1 minute at 95°C, followed by 20 cycles of 30 seconds at 95°C, 30 
seconds at 60°C (-0.5°C/cycle) and 1 minute at 72°C, followed by 15 cycles of 30 seconds at 95 D C, 
30 seconds at 50°C and 1 minute at 72°C, followed by 10 minutes at 72°C. The anti-sense T7 
5 template was generated using specific forward and specific T7 reverse primers in a PCR reaction 
with the same conditions as described above. The sequences of the respective primers for 
amplifying the anti-sense template for each of the target genes are given in Table 8-PX. The 
resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
(Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The generated 
10 T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 
were annealed, DNase and RNase treated, and purified by sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes 
is given in Table 8-PX. 

C. Laboratory trials to test dsRNA targets, using artificial diet for activity against 
1 5 Plutella xylos tella I a rvae 

Diamond-back moths, Plutella xylostella, were maintained at Insect Investigations Ltd. 
(origin: Newcastle University, Newcastle-upon-Tyne, UK). The insects were reared on cabbage 
leaves. First instar, mixed sex larvae (approximately 1 day old) were selected for use in the trial. 
Insects were maintained in Eppendorf tubes (1.5 ml capacity). Commercially available Diamond- 

20 back moth diet (Bio-Serv, NJ, USA), prepared following the manafacturer's instructions, was placed 
in the lid of each tube (0.25 ml capacity, 8 mm diameter). While still liquid, the diet was smoother 
over to remove excess and produce an even surface. 

Once the diet has set the test formulations are applied to the diet's surface, at the rate of 
25 pi undiluted formulation (1 ug/ul dsRNA of targets) per replicate. The test formulations are 

25 allowed to dry and one first instar moth larva is placed in each tube. The larva is placed on the 
surface of the diet in the lid and the tube carefully closed. The. tubes are stored upside down, on 
their lids such that each larva remains on the surface of the diet. Twice weekly the larvae are 
transferred to new Eppendorf tubes with fresh diet. The insects are provided with treated diet for 
the first two weeks of the trial and thereafter with untreated diet. 

30 Assessments are made twice weekly for a total of 38 days at which point all larvae are 

dead. At each assessment the insects are assessed as live or dead and examined for 
abnormalities. Forty single larva replicates are performed for each of the treatments. During the 
trial the test conditions are 23 to 26 °C and 50 to 65 % relative humidity, with a 16:8 hour light:dark 
photoperiod. 

35 D. Cloning of a DBM gene fragment in a vector suitable for bacterial production of 

insect-active double-stranded RNA 

What follows is an example of cloning a DNA fragment corresponding to a DBM gene 
target in a vector for the expression of double-stranded RNA in a bacterial host, although any 
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vector comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be 
used (reference to WO0001846). 

The sequences of the specific primers used for the amplification of target genes are 
provided in Table 8-PX. The template used is the pCR8/GW/topo vector containing any of target 
5 sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
98°C, followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55°C and 2 minutes at 72°C, 
followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf Minearized 
pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
10 PCR product corresponds to the respective sequence as given in Table 8-PX. The recombinant 
vector harboring this sequence is named pGXXXOXX. 

E. Expression and production of a double-stranded RNA target in two strains of 
Escherichia coii: (1) AB301-105(DE3). and, (2) BL21(DE3) 

The procedures described below are followed in order to express suitable levels of insect- 
15 active double-stranded RNA of insect target in bacteria. An RNaselll-deficient strain, AB301- 
105(DE3), is used in comparison to wild-type RNaselll-containing bacteria, BL21(DE3). 
Transformation of AB301-105(DE3) and BL21(DE3) 

Three hundred ng of the plasmid are added to and gently mixed in a 50 pi aliquot of ice- 
chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
20 on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 
which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty ul of room 
temperature SOC medium is added to the cells and the suspension incubated on a shaker (250 
rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 
conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 ug/ml 
25 carbenicillin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 
overnight ( 1 6 to 18 hours). 

Chemical induction of double-stranded RNA expression in AB301-105(DE3) and BL21(DE3) 

Expression of double-stranded RNA from the recombinant vector, pGXXXOXX, in the 
bacterial strain AB301-105(DE3) or BL21(DE3) is made possible since all the genetic components 
30 for controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 

The optical density at 600 nm of the overnight bacterial culture is measured using an 
35 appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 
15 °C for 10 minutes. The supernatant is removed and the bacterial pellet resuspended in 50 ml of 
fresh S complete medium (SNC medium plus 5 pg/ml cholesterol) supplemented with 100 pg/ml 
carbenicillin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. 
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Heat treatment of bacteria 

Bacteria are killed by heat treatment in order to minimise the risk of contamination of the 
artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 
5 induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 
to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 
The tubes are stored at -20 °C until further use. 

10 F. Laboratory trials to test Escherichia coli expressing dsRNA targets against 

Pluteila xylostella 

Plant-based bioassays 

Whole plants are sprayed with suspensions of chemically induced bacteria expressing 
dsRNA prior to feeding the plants to DBM. The are grown from in a plant growth room chamber. 

15 The plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of 
the bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon 
mesh to permit aeration, reduce condensation inside and prevent insect escape. DBM are placed 
on each treated plant in the cage. Plants are treated with a suspension of E. cofi AB30 1-1 05(DE3) 
harboring the pGXXXOXXplasmids or pGN29 plasmid. Different quantities of bacteria are applied to 

20 the plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial cells in 1 ml 
of a bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a total 
volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One plant is 
used per treatment in this trial. The number of survivors are counted and the weight of each 
survivor recorded. 

25 Spraying plants with a suspension of E. cofi bacterial strain AB301-105(DE3) expressing 

target dsRNA from pGXXXOXX leed to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 
systems is toxic towards the insect in terms of substantial increases in insect mortality and 

30 growth/development delay for larval survivors. It is also clear from these experiments that an 
exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double-stranded RNA 
corresponding to an insect gene target. 

35 Example 12: Acheta domesticus (House cricket) 

A. Cloning Acheta domesticus partial sequences 

High quality, intact RNA was isolated from all the different insect stages of Acheta 
domesticus (house cricket; source: Dr. Lara Senior, Insect Investigations Ltd., Capital Business 
Park. Wentloog, Cardiff, CF3 2PX, Wales, UK) using TRlzol Reagent (Cat. Nr. 15596-026/15596- 
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018, Invitrogen, Rockville, Maryland, USA) following the manufacturer's instructions. Genomic DNA 
present in the RNA preparation was removed by DNase treatment following the manafacturer's 
instructions (Cat. Nr. 1700. Promega). cDNA was generated using a commercially available kit 
(Superscript ™ III Reverse Transcriptase, Cat. Nr. 18080044, Invitrogen, Rockville, Maryland, 
5 USA) following the manufacturer's instructions. 

To isolate cDNA sequences comprising a portion of the AD001, AD002, AD009, AD015 
and AD016 genes, a series of PCR reactions with degenerate primers were performed using 
Amplitaq Gold (Cat. Nr. N8080240, Applied Biosystems) following the manafacturer's instructions. 

The sequences of the degenerate primers used for amplification of each of the genes are 

10 given in Table 2-AD. These primers were used in respective PCR reactions with the following 
conditions: 10 minutes at 95°C, followed by 40 cycles of 30 seconds at 95°C, 1 minute at 50°C and 
1 minute and 30 seconds at 72°C, followed by 7 minutes at 72°C. The resulting PCR fragments 
were analyzed on agarose gel, purified (QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), 
cloned into the pCR8/GW/topo vector (Cat. Nr. K2500 20, Invitrogen) and sequenced. The 

15 sequences of the resulting PCR products are represented by the respective SEQ ID NOs as given 
in Table 2-AD and are referred to as the partial sequences. The corresponding partial amino acid 
sequence are represented by the respective SEQ ID NOs as given in Table 3-AD. 

B. dsRNA production of the Acheta domesticus genes 

dsRNA was synthesized in milligram amounts using the commercially available kit T7 

20 Ribomax™ Express RNAi System (Cat. Nr. P1700, Promega); First two separate single 5' T7 RNA 
polymerase promoter templates were generated in two separate PCR reactions, each reaction 
containing the target sequence in a different orientation relative to the T7 promoter. 

For each of the target genes, the sense T7 template was generated using specific T7 
forward and specific reverse primers. The sequences of the respective primers for amplifying the 

25 sense template for each of the target genes are given in Table 8-AD. The conditions in the PCR 
reactions were as follows: 1 minute at 95°C, followed by 20 cycles of 30 seconds at 95°C, 30 
seconds at 60°C (-0.5°C/cycle) and 1 minute at 72°C. followed by 15 cycles of 30 seconds at 95°C, 
30 seconds at 50°C and 1 minute at 72°C, followed by 10 minutes at 72°C. The anti-sense T7 
template was generated using specific forward and specific T7 reverse primers in a PCR reaction 

30 with the same conditions as described above. The sequences of the respective primers for 
amplifying the anti-sense template for each of the target genes are given in Table 8-AD. The 
resulting PCR products were analyzed on agarose gel and purified by PCR purification kit 
(Qiaquick PCR Purification Kit, Cat. Nr. 28106, Qiagen) and NaCI0 4 precipitation. The generated 
T7 forward and reverse templates were mixed to be transcribed and the resulting RNA strands 

35 were annealed, DNase and RNase treated, and purified by sodium acetate, following the 
manufacturer's instructions. The sense strand of the resulting dsRNA for each of the target genes 
is given in Table 8-AD. 

C. Laboratory trials to test dsRNA targets, using artificial diet for activity against 
Acheta domesticus larvae 
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House crickets, Acheta domesticus, were maintained at Insect Investigations Ltd. (origin: 
Blades Biological Ltd., Kent. UK). The insects were reared on bran pellets and cabbage leaves. 
Mixed sex nymphs of equal size and no more than 5 days old were selected for use in the trial. 
Double-stranded RNA is mixed with a wheat-based pelleted rodent diet (rat and mouse standard 
5 diet, B & K Universal Ltd., Grimston, Aldbrough, Hull, UK). The diet, BK001P, contains the following 
ingredients in descending order by weight: wheat, soya, wheatfeed, barley, pellet binder, rodent 5 
vit min, fat blend, dicalcium phosphate, mould carb. The pelleted rodent diet is finely ground and 
heat-treated in a microwave oven prior to mixing, in order to inactivate any enzyme components. 
All rodent diet is taken from the same batch in order to ensure consistency. The ground diet and 

10 dsRNA are mixed thoroughly and formed into small pellets of equal weight, which are allowed to. 
dry overnight at room temperature. 

Double-stranded RNA samples from targets and gfp control at concentrations 10 ug/pl 
were applied in the ratio 1 g ground diet plus 1 ml dsRNA solution, thereby resulting in an 
application rate of 10 mg dsRNA per g pellet. Pellets are replaced weekly. The insects are provided 

15 with treated pellets for the first three weeks of the trial. Thereafter untreated pellets are provided. 
Insects are maintained within lidded plastic containers (9 cm diameter, 4.5 cm deep), ten per 
container. Each arena contains one treated bait pellet and one water source (damp cotton wool 
ball), each placed in a separate small weigh boat. The water is replenished ad lib throughout the 
experiment. 

20 Assessments are made at twice weekly intervals, with no more than four days between 

assessments, until all the control insects had either died or moulted to the adult stage (84 days). At 
each assessment the insects are assessed as live or dead, and examined for abnormalities. From 
day 46 onwards, once moulting to adult has commenced, all insects (live and dead) are assessed 
as nymph or adult. Surviving insects are weighed on day 55 of the trial. Four replicates are 
• 25 performed for each of the treatments. During the trial the test conditions are 25 to 33 °C and 20 to 
25 % relative humidity, with a 12:12 hour lightrdark photoperiod. 

D. Cloning of a HC gene fragment in a vector suitable for bacterial production of 
insect-active double-stranded RNA 

What follows is an example of cloning a DNA fragment corresponding to a HC gene target 
30 in a vector for the expression of double-stranded RNA in a bacterial host, although any vector 
comprising a T7 promoter or any other promoter for efficient transcription in bacteria, may be used 
(reference to WO0001846). 

The sequences of the specific primers used for the amplification of target genes are 
provided in Table 8-AD. The template used is the pCR8/GW/topo vector containing any of target 
35 sequences. The primers are used in a PCR reaction with the following conditions: 5 minutes at 
98°C, followed by 30 cycles of 10 seconds at 98°C, 30 seconds at 55*C and 2 minutes at 72°C, 
followed by 10 minutes at 72°C. The resulting PCR fragment is analyzed on agarose gel, purified 
(QIAquick Gel Extraction kit, Cat. Nr. 28706, Qiagen), blunt-end cloned into Srf l-linearized 
pGNA49A vector (reference to WO00188121A1), and sequenced. The sequence of the resulting 
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PCR product corresponds to the respective sequence as given in Table 8-AD. The recombinant 
vector harboring this sequence is named pGXXXOXX. 

E. Expression and production of a double-stranded RNA target in two strains of 
Escherichia coli: (1) AB301-105(DE3). and, (2) BL21(DE3) 

5 The procedures described below are followed in order to express suitable levels of insect- 

active double-stranded RNA of insect target in bacteria. An RNaselll-deficient strain, AB301- 
105(DE3), is used in comparison to wild-type RNaselll-containing bacteria, BL21(DE3). 
Transformation of AB301-105(DE3) and BL21(DE3) 

Three hundred ng of the plasmid are added to and gently mixed in a 50 ul aliquot of ice- 

10 chilled chemically competent E. coli strain AB301-105(DE3) or BL21(DE3). The cells are incubated 
on ice for 20 minutes before subjecting them to a heat shock treatment of 37 °C for 5 minutes, after 
which the cells are placed back on ice for a further 5 minutes. Four hundred and fifty pi of room 
temperature SOC medium is added to the cells and the suspension incubated on a shaker (250 
rpm) at 37 °C for 1 hour. One hundred pi of the bacterial cell suspension is transferred to a 500 ml 

15 conical flask containing 150 ml of liquid Luria-Bertani (LB) broth supplemented with 100 ug/ml 
carbenicillin antibiotic. The culture is incubated on an Innova 4430 shaker (250 rpm) at 37 °C 
overnight (16 to 18 hours). 

Chemical induction of double-stranded RNA expression in AB301-105(DE3) and BL21(DE3) 

Expression of double-stranded RNA from the recombinant vector, pGXXXOXX, in the 
20 bacterial strain AB301-105(DE3) or BL21(DE3) is made possible since all the genetic components 
for controlled expression are present. In the presence of the chemical inducer 
isopropylthiogalactoside, or IPTG, the T7 polymerase will drive the transcription of the target 
sequence in both antisense and sense directions since these are flanked by oppositely oriented T7 
promoters. 

25 The optical density at 600 nm of the overnight bacterial culture is measured using an 

appropriate spectrophotometer and adjusted to a value of 1 by the addition of fresh LB broth. Fifty 
ml of this culture is transferred to a 50 ml Falcon tube and the culture then centrifuged at 3000 g at 
15 °C for 10 minutes. The supernatant is removed and the bacterial pellet resuspended in 50 ml of 
fresh S complete medium (SNC medium plus 5 pg/ml cholesterol) supplemented with 100 pg/ml 

30 carbenicillin and 1 mM IPTG. The bacteria are induced for 2 to 4 hours at room temperature. . 
Heat treatment of bacteria 

Bacteria are killed by heat treatment in order to minimise the risk of contamination of the 
artificial diet in the test plates. However, heat treatment of bacteria expressing double-stranded 
RNA is not a prerequisite for inducing toxicity towards the insects due to RNA interference. The 

35 induced bacterial culture is centrifuged at 3000 g at room temperature for 10 minutes, the 
supernatant discarded and the pellet subjected to 80 °C for 20 minutes in a water bath. After heat 
treatment, the bacterial pellet is resuspended in 1.5 ml MilliQ water and the suspension transferred 
to a microfuge tube. Several tubes are prepared and used in the bioassays for each refreshment. 
The tubes are stored at -20 °C until further use. 
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F. Laboratory trials to test Escherichia coli expressing dsRNA targets against 
Acheta domesticus 

Plant-based bioassays 

Whole plants are sprayed with suspensions of chemically induced bacteria expressing 
5 dsRNA prior to feeding the plants to HC. The are grown from in a plant growth room chamber. The 
plants are caged by placing a 500 ml plastic bottle upside down over the plant with the neck of the 
bottle firmly placed in the soil in a pot and the base cut open and covered with a fine nylon mesh to 
permit aeration, reduce condensation inside and prevent insect escape. HC are placed on each 
treated plant in the cage. Plants are treated with a suspension of E. coli AB301-105(DE3) harboring 

10 the pGXXXOXX plasmids or pGN29 plasmid. Different quantities of bacteria are applied to the 
plants: for instance 66, 22, and 7 units, where one unit is defined as 10 9 bacterial cells in 1 ml of a 
bacterial suspension at optical density value of 1 at 600 nm wavelength. In each case, a total 
volume of between 1 and 10 ml s sprayed on the plant with the aid of a vaporizer. One plant is 
used per treatment in this trial. The number of survivors are counted and the weight of each 

1 5 survivor recorded. 

Spraying plants with a suspension of £ coli bacterial strain AB301-105(DE3) expressing 
target dsRNA from pGXXXOXX leads to a dramatic increase in insect mortality when compared to 
pGN29 control. These experiments show that double-stranded RNA corresponding to an insect 
gene target sequence produced in either wild-type or RNaselll-deficient bacterial expression 

20 systems is toxic towards the insect in terms of substantial increases in insect mortality and 
growth/development delay for larval survivors. It is also clear from these experiments that an 
exemplification is provided for the effective protection of plants/crops from insect damage by the 
use of a spray of a formulation consisting of bacteria expressing double- stranded RNA 
corresponding to an insect gene target. 

25 
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Member of the proteasome Regulatory Particle, Non-ATPase-like gene 
class 


sarco-endoplasmic reticulum Ca[2+] ATPase homolog 


Ciathrin heavy chain 


I Predicted cytoplasmic prolyl-tRNA synthetase (ProRS) 


Cytoplasmic dynein heavy chain homolog 


Orthologue to the human gene 3-OXO ACID CO A TRANSFERASE 


Ribosomal protein 119, structural constituent of ribosome involved in 
protein biosynthesis which is localised to the ribosome 


Orthologue of diacylglyerol kinase involved in movement, egg laying, and 
synaptic transmission, and is expressed in neurons. 


Delta subunit of the coatomer (COPI) 
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Member of the proteasome Regulatory Particle, ATPase-like gene class 


Carrier protein with putatively involved in intracellular protein transport 


Type 1 alpha subunit of the 26S proteasome's 20S protease core particle 
(CP). 


Large ribosomal subunit L24 protein. I 


Member of the Proteasome Alpha Subunit gene class I 


MYB transforming protein 


Large ribosomal subunit L11 protein (RPL-11.2 ) involved in protein 
biosynthesis. 


Muscle myosin heavy chain (MHC B) 


Large ribosomal subunit L3 protein (rpl-3) 


Methanococcus hypothetical protein 0682 like 


V-ATPase B subunit 


Triple A ATPase subunit of the 26S proteasome's 1 9S regulatory particle 
(RP) base subcomplex (RPT-3) 


Translation elongation factor 2 (EF-2), a GTP-binding protein involved in 
protein synthesis 


Member of the Heat Shock Protein gene class 


Large ribosomal subunit L26 protein (RPL-26) involved in protein 
biosynthesis 


Small ribosomal subunit S23 protein (RPS-23) involved in protein 
biosynthesis 


Member of the proteasome Regulatory Particle, ATPase-like gene class 


Mitochondrial protein 


Small ribosomal subunit S21 protein (RPS-21) involved in protein 
biosynthesis 


Large ribosomal subunit L36 protein (RPL-36) involved in protein 
biosynthesis 
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Acute lethal or lethal I 


Embryonic lethal or sterile j 
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growth 


Wild Type I 
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growth 


Acute lethal or lethal 


Acute lethal or lethal 


Acute lethal or lethal j 


Acute lethal or lethal 


Embryonic lethal or sterile | 


Embryonic lethal or sterile 




Embryonic lethal or sterile ! 


Embryonic lethal or sterile j 


Growth delay or arrested in 
growth 


Embryonic lethal or sterile j 


Embryonic lethal or sterile 


Embryonic lethal or sterile | 


Embryonic lethal or sterile | 


Embryonic lethal or sterile 


class 


predicted mitochondrial glutamyl-tRNA synthetase (GluRS) 


helicase ] 


Nuclear lamin; LMN-1 protein 


homolog of the SMC4 subunit of mitotic condensin I 


Predicted mitochondrial protein. 


GTPase activator, ER to Golgi prot transport, component of the Golgi 
stack 


Ribosomal protein S4 (RpS4), structural constituent of ribosome involved 
in protein biosynthesis which is a component of the cytosolic small 
ribosomal subunit 


Y46G5A.4 gene I 


Alpha subunit of the coatomer (COPI) complex j 


Gene cleavage and poiyadenylation specificity factor 


Unknown function 


Member of the Kinesin-Uke Protein gene class 


RNA-binding protein 


alpha-2 type IV collagen : 


apredicted cytoplasmic alanyl-tRNA synthetase (AlaRS) 


Member of the UNCoordinated gene class 


Member of the IMportin Beta family gene class 


Unknown function 


putative chitin synthase 


TATA-binding protein associated factor TAF1L (TAFH250) 
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Function (based on Flybase) 


Ribosomal protein S4 (RpS4), structural constituent of ribosome involved in protein biosynthesis 
which is a component of the cytosolic small ribosomal subunit 


Carrier protein with putatively involved in intracellular protein transport 


Ribosomal protein S9 (RpS9), structural constituent of ribosome involved in protein biosynthesis 
which is a component of the cytosolic small ribosomal subunit 


RNA polymerase II 140kD subunit (Rpll140), DNA-directed RNA polymerase activity (EC:2.7.7.6) 
involved in transcription from Pol II promoter which is a component of the DNA-directed RNA 
polymerase II, core complex 


Helicase at 25E (Hel25E), also known in FlyBase as Dbp25F, Hel, l(2)25Eb and I(2)k11511, pre- 
mRNA splicing factor activity involved in nuclear mRNA splicing, via spliceosome which is localized 
to the nucleus 


GTPase activator, ER to Golgi prot transport, component of the Golgi stack 


Tutative RAN small monomeric GTPase (cell adhesion) 


V-ATPase E subunit 


Transitional endoplasmic reticulum ATPase TER94, Golgi organization and biogenesis 


V-ATPase B subunit 


Sallimus (sis), myosin-light-chain kinase activity (EC:2.7.1.117) involved in mitotic chromosome 
condensation which is localized to the nucleus 


Beta-coatamer protein, subunit of a multimeric complex that forms a membrane vesicle coat 




Function (based on Flybase) 


Ribosomal protein S4 (RpS4), structural constituent of ribosome involved in protein biosynthesis 
which is a component of the cytosolic small ribosomal subunit 


Ribosomal protein S9 (RpS9), structural constituent of ribosome involved in protein biosynthesis 
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which is a component of the cytosolic small ribosomal subunit 


Ribosomal protein L19, structural constituent of ribosome involved in protein biosynthesis which is 
localised to the ribosome 


GTPase activator, ER to Golgi prot transport, component of the Golgi stack 


V-ATPase E subunit 


V-ATPase B subunit 


Beta-coatamer protein, subunit of a multimeric complex that forms a membrane vesicle coat 




Function (based on Flybase) 


Ribosomal protein L19, structural constituent of ribosome involved in protein biosynthesis which is 
localised to the ribosome 


Protein involved with Na+/K+- exchanging ATPase complex . 


GTPase activator, ER to Golgi prot transport, component of the Golgi stack 


Transitional endoplasmic reticulum ATPase TER94, Golgi organization and biogenesis 


V-ATPase B subunit 




Function (based on Flybase) 


Ribosomal protein S4 (RpS4), structural constituent of ribosome involved in protein biosynthesis 
which is a component of the cytosolic small ribosomal subunit 


Ribosomal protein L19, structural constituent of ribosome involved in protein biosynthesis which is 
localised to the ribosome 


GTPase activator, ER to Golgi prot transport, component of the Golgi stack 


V-ATPase E subunit 
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Protein with putatrvely involved in intracellular protein transport 


Ribosomal protein S9 (RpS9), structural constituent of ribosome involved in protein biosynthesis which 
is a component of the cytosoiic small ribosomal subunit 


Ribosomal protein L9, structural constituent of ribosome involved in protein biosynthesis which is 
localised to the ribosome 


Ribosomal protein L19, structural constituent of ribosome involved in protein biosynthesis which is 
localised to the ribosome 


RNA polymerase II 140kD subunit (RpllUO), DNA-directed RNA polymerase activity (EC:2.7.7.6) 
involved in transcription from Pol ll promoter which is a component of the DNA-directed RNA 
polymerase II, core complex 


Helicase at 25E (Hel25E), also known in FlyBase as Dbp25F, Hel, l(2)25Eb and I(2)k11511, pre- 
mRNA splicing factor activity involved in nuclear mRNA splicing, via spliceosome which is localized to 
the nucleus 


Protein with endopeptidase activity involved in proteolysis and peptidolysis which is a component of 
the proteasome regulatory particle, lid subcomplex (sensu Eukarya) 


Protein involved with Na+/K+- exchanging ATPase complex 


GTPase activator, ER to Golgi prot transport, component of the Golgi stack 


Putative RAN small monomeric GTPase (cell adhesion) 


N-synaptobrevin; v-SNARE, vesicle-mediated transport, synaptic vesicle 


Putative proteasome regulatory particle, lid subcomplex, rpn11 


V-ATPase E subunit 


Transitional endoplasmic reticulum ATPase TER94, Golgi organization and biogenesis 


V-ATPase B subunit 


Sallimus (sis), myosin-light-chain kinase activity (EC:2.7,1.117) involved in mitotic chromosome 
condensation which is localized to the nucleus 


Rab-protein 1 involved in cell adhesion 


Gene cleavage and polyadenylation specificity factor 
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tr. PEST) 






CO 






1 03020368 (Tribolium castaneum) 












15514750 (Drosophila melanogaster) 






49395165 (Drosophlla melanogaster) 
99009492 (Leptinotarsa decemlineata) 














er) 


m 










31206154 (Anopheles gambiae si 


101403557 (Plodia interpunctella' 


53883819 (Plutella xylostella) 


1 10240379 (Spodoptera frugiperc 


27372076 (Spodoptera littoralis) 


91757299 (Bombyx mori) 


237458 (Heliothis virescens) 


101403557 (Plodia interpunctella' 


4680479 (Aedes aegypti) 


92924977 (Drosophila virilis) 


92966144 (Drosophila grimshawi 


92924977 (Drosophila virilis) 


91826756 (Bombyx mori) 


10763875 (Manduca sexta) 


9713 (Manduca sexta) 


92962756 (Drosophila ananassa* 


60295607 (Homalodisca coagulai 


101403557 (Plodia interpunctella 


4680479 (Aedes aegypti) 


2793275 (Drosophila melanogast 


90137502 (Spodoptera frugiperd* 


53883819 (Plutella xylostella) 


1 10240379 (Spodoptera frugipen 
27372076 (Spodoptera littoralis) 


9713 (Manduca sexta) 


55905051 (Locusta migratoria) 


GATGACCAGCACGTGCTTCTCGCACTGGTAGGCCAAGAATTC 
GGC 


GATGGGGATCTGCGTGATGGA | 


GATGGGGATCTGCGTGATGGAGCCGTTGCGGCCCTCCAC | 


GGAATAGGATGGGTGATGTCGTCGTTGGGCATAGT I 


GGAATAGGATGGGTGATGTCGTCGTTGGGCATAGTCA | 


GGATCGTTGGCCAAGTTCAAGAA i 


GGATCGTTGGCCAAGTTCAAGAACA I 


GGATCGTTGGCCAAGTTCAAGAACAG | 


GGATGGGTGATGTCGTCGTTGGGCAT I 


GGCAGTTTCCATGTTGACACCCATAGC | 


G G CAT AG TC AAG ATG G G G ATCTG | 


GTCTGGATCATTTCCTCGGGATA | 


GTGATGATGCGCTCGATGGTCGGATCGTTGGCCAAGTTCAA 
GAACAGACACACGTTCTCCAT 


GTGTACATGTAACCGGGGAAACC | 


GTTTCCATGTTGACACCCATAGC | 


TCAATGGGTTTTCCTGATCCATTGAA 


TCATCCAGCACAGACTTGCCAG 


TCATCCAGCACAGACTTGCCAGG 


TCCATGTTGACACCCATAGCAGC 


TCCATGTTGACACCCATAGCAGCAAACAC 


TCGAAGTCCTGCTTGAAGAACCTGGC 


TCGATGGTCGGATCGTTGGCCAAGTTCAAGAACAGACACAC 
GTTCTCCAT 


TCGGATCGTTGGCCAAGTTCAAGAACAGACACACGTTCTCCA 
T 


TCGTTGGCCAAGTTCAAGAACAG 


TGGGTGATGTCGTCGTTGGGCAT 


TTCTCGCACTGGTAGGCCAAGAA 


TTCTCTTCG AAG TCCTG CTTG AAG AACCTG G C 


TTGGCCAAGTTCAAGAACAGACACACGTT 


CO 

o 


r- 
o 


CO 

o 


CO 

o 
■sr 


o 




CN 

T— 


CO 




m 

T— 


CD 




CO 

T— 


co 

T- 
TT 


o 

CN 


* — 

CN 
tT 


CN 
CN 
Tj- 


CO 
CN 

TT 


CN 


m 

CN 


CO 
CN 
Tj- 


CM 


oo 

CN 


CO 
CN 


o 

CO 


CO 


CN 

CO 


CO 
CO 

•<r 


CO 


CO 


CO 


CO 


CD 


CD 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CO 


CD 


CD 


CO 


CO 


co 


CO 


CO 


CO 


co 


CO 


CO 


CD 


PC01 


PC01 


PC01 


PC01 


PC01 


PC01 


PC01 


PC01 


PC01 


PC0< 


PCO' 


PCO' 


PCO' 


PCO' 


PCO' 


PCO' 


PCO' 


PCO' 


PCO' 


PCO' 


PCO* 


PCO' 


PCO' 


PCO* 


PCO* 


PC01 


PC01 


I PC01 



WO 2007/080127 



PCT7EP2007/000287 



169 



.2 



CO 

co 



< 
< 
< 
O 

o 
< 
o 
cd 
< 

< 

o 
o 
o 
< 

< 
cd 



cd 

o 
o 

E 

cd 



CO 



o 
O 
CL 



CO 

"2 

CD 
CL 



m 
o 
o 

CM 

> 
a 
< 

.52 

CO 
CO 



C 



O 

CL 

£ 

CO 



CO 

cB 

a 

o 

"O 

o 

CL 
CO 

CO 

o 

C\l 

co 

IT) 
IT) 
CO 



0) 

o 
c 
a> 

cr 

0) 
CO 



a 
a 
o 

< 
r- 

a 
a 

a 

o 
»~ 
o 
o 
< 
o 
o 
a 

2 



CO 
CO 



a 

LU 
CO 



> 

LU 

a> 

-Q 
CO 



o 
cd 
o 



cd 
a 
o 
< 
cd 

cd 
h- 
o 
o 
< 
cd 
o 
o 

CD 

o 



o 

CO 

a 
t_ 

o 
c 

CO 

CL 

CO 
CO 
CO 

T— 

CO 

o 

CO 



to 
o 
o 

> 

LU 



CL 

o 

co 

o 
Q 
o 

CO 
CO 
00 



CO 

CO ^ 

I~I 

CO .w to 

e> $ 

CO CO CO 

IE !c Z 

CL CL CL 

o o o 

to CO CO 

o o o 

Q Q Q 

m CN 
cm in co 
in tj- in 

CM O ^ 
O CO TT 
OOJO 
CO CM CM 
CO CO CO 



CD 

cd 



cd 



o 
cd 
o 
o 
cd 

< 
cd 
cj 
a 



o 
o 

t 

cd 

I 

a 
< 
< 
cd 

$ 

a 
cd 
cd 
a 
cd 



00 
CO 

in 



in 
o 
o 
> 



m 
o 
o 
> 

LU 



co 

CO 



O 



> CO 

CD ™ 

f~ CO 

iS w o 
o P £ 

© CO g 
CO CO 

lis 

CX CL _C 
O O CL 
(0 CO o 
O O co 
*- »- o 
Q a 2 

— ^-o 

O T~ 

Tt co s 
CO CD CM 
CO N CO 

n. — 

Tj" a> n. 
CM CM CO 
CO CO CM 



CD 

o 
o 

o 

o 
a 

< 
O 
< 

o 
a 
a 
o 
o 
cd 

£ 



LU 



Cl 

o 



cu 

CO 

E 

CO 
CO 
to 

Q> 
CD 
H 
CL 
O 

c 

< 



CO 
CM 

CO 
CO 
CM 
CM 



00 
CM 

CO 
CO 
CM 
CM 
CO 



CD 

o 
o 

H 
< 

o 
o 
cd 
o 

i 

o 

o 
cd 
o 
I- 
o 
cj 

CJ 
H 

< 
o 

CJ 

a 
o 



o 
as 



cd 

< 
a 
a 
cd 
a 
< 

t 

o 
a 
o 

I— 

a 

a 
< 
o 
o 

$ 

o 
a 
< 



< 
< 
cd 
o 
< 

CJ 

a 

CD 

o 
o 
cd 
i- 
< 
cd 
\~ 
cd 
o 

< 

a 

H 

CD 



CJ 



CD 



O 

< 
CD 
< 
CJ 
CJ 
CD 
< 
CJ 



3 



a 

CD 

5 

- 

< 
H 
CD 

a 
i- 
a 
< 

CD 
< 

a 
o 
i- 
< 

CD 



in 
in 



•a 
a 
ca 

£ 
o 



0) 

to ^ 
ca ■= 
co £ 

c 
_co 

E 5 

C CO 

II 

.c cl 

CL O 

o to 
co O 

|s 

CO CM 
CO to 
CO CM 

co 

co o 

CM CM 
CM O 



O 
O 
O 
I— 

CJ 

o 
o 

< 
CD 
h- 
CD 
H 
< 
CD 



O 
CD 
h- 
CJ 



CD 
CD 
K— 
O 
< 
CD 
< 
O 

o 

< 
CD 



CD 



5 

LU 



CD 
CD 
O 

^ 

O 
\— 
CD 
I- 
CD 
CD 
t- 
O 
h- 
CD 
H 
O 

O 
< 
CD 



to 
in 
in 



o 
> 

LU 



WO 2007/080127 



PCT/EP2007/000287 



170 



< 
4 



J2 
CO 




WO 2007/080127 



PCI7EP2007/000287 



171 









latus) 


















































3 






















ricana) 














CO 








^ (0 






CO 
3 
Q 




omalodisca coagulata) 
ncometopia nigricans) 


rosophila grimshawi) 
rosophila mojavensis) 
rosophila virilis) 


jnosq 






lata) 










ipes) 




aster 




co 

CO > 


bscur 




da) 




hironomus tentans 
elicoverpa armiger 


lyzus persicae) 


lyzus persicae) 


lycetophagus quae 


nopheles gambiae 


rosophila pseudoo 


asonia vitripennis) 


iphytlus lunatus) 


omalodisca coagu: 


Heliconius erato) 


Bemisia tabaci) 


urculio glandium) 


hynchosciara ame 


ombyx mori) 


/siphlebus testace 


theraea yamamai) 


(Drosophila melanog 
(Drosophila yakuba) 


asonia vitripennis) 


rosophila ananass 
rosophila grimsha\ 


rosophila pseudoo 


jtzomyia longipalp 


podoptera fruqiper 


nopheles gambiae 
phaerius sp.) 


OX 






e 


< 


x o 


Q Q Q 


Q 


Z 




X 


CO 

o 


CO 


O 


or 


CD 


-j 


(An 


z 


Q Q 


Q 


_i 


LTD 


< co 


^" CM 

in co 




iO 


o 


CM 


CM CD 


CD N ^ 


CO 




cn 


CM 


CO 


CO 


co 


o 


m co 


o 


CO CD 


h- 




in 


GO CO 


00 


CO 


CM 


r- 


t- CM 


C7> t— CO 


CD 


o 




x— 


CD 




o 


CO 


O 


T— 


o 


00 o 


CD 


in o 


CO 


in 


CO 


-sf o 


cm csi 


CO 


CO 


TT 




i- CO 


CO to s 


CO 


CO 


TJ- 




m 












m 


m o 


in 


00 CO 




CO 


CO 


CM CD 


CO 




1^ 


ID 




CO CO 


CO t- CO 


m 




CD 


to 


f- 




co 






co 


in 


r- m 




CO CO 


CM 


m 


CM 


CN CD 


rsi r»- 




s 


O 




CD 

ID O 


CD O CM 


co 




LO 


CO 


N- 




in 


CO 


CO 


CO 


CO 


cm in 


T— 


"<T CO 


Tf 


CO 


m 


CO O 


ro -c 


CD 


CO 


CD 


CO O CO 


CO 


oo 


CO 


in 


CO 


1 


CO 




CO 


o 




CO CO 


CO 


CO CO 


CO 


CO 


m 


CO CO 


CM 






o 




O <!- 


CM CO CM 




o 


m 


o 


O 




m 


CD 


o 


eg 




TJ- CO 


o 


CM CM 




CO 


co 


CO o 


f- eg 


co 


CO 


CD 


CM 


m r- 


O) CO CO 


CD 


CO 


CN 


m 


T— 




CM 


in 


T 


CD 


co 


t- CO 


CO 


O) CO 


CD 


CO 




CO 








TT ! 












CC 




























\AGGC | 










CD 












o 




























CD 










h- 












o 


































CD 


CD 












CD 




































h- 


I- 












O 




























5 








CD 


CD 












1- 
























CD 




< 






CD 


CD 


CD 












h- 


























l- 






CD 


CD 


CD 












CD 


















CD 






CD 




CD 




CD 


CD 


CD 


CD 










f- 


GTGT 






















CD 




1- 




fGG 1 


fGG 1 


rcG> 


fGG 1 








CD 


GTG 








CD 






Oil 




TGG 


y- 




ill' 




ccc 




I- 


V- 




1= 




1- 




CD 


CD 


O 






CD 






o 




H 


CD 






CD 


CD 














CD 




CD 


CD 


CD 






< 






i— 




t- 


h- 




CD 


O 


o 










$ 




h- 


CD 


CD 


CD 


CD 


< 






CD 






i- 


<> 


<> 


CD 


GAGGCAG 


< 


< 




TTGGACA 


TTGGACA 


TTGGACA 


TTGGACA 


TGATCA 


^TCTATGA 


AAATTGG 


AAATTGG 


AAATTGG' 


AAATTGG' 


iATGTTGG 


3TGATC 


fGTCCACAl 


ATCACCG 


U3TCCGCA/ 


VTGGATG1 


^CTGGTGA/ 


GGCAGG/ 


GGCAGG/ 


TTGGGGG 


GAGGCAG 


CTGTACC 


CTGTACC 


AAGAACAi 


CD 


CD 


CD 


CD 


CD 


CD 


O 


O 


O 


o 




H 


CD 


O 


< 


< 




CD 


CD 




H 


o 








H 




< 


< 


< 


< 


CD 


< 


1 










CD 


CD 




O 


O 




< 


\— 


< 






< 




H- 

J— 


CD 


CD 


O 


CD 




CD 


< 


< 








CD 


CD 




O 


O 


o 


O 


h- 


CD 


CD 


CD 


O 


CD 




CD 


CD 


CD 


CD 


< 
O 


CD 




o 


fGO 






O 


O 


o 


< 


< 


CD 


o 


CD 


CD 


CD 


CD 


CD 


CD 


rccc 


h- 




t= 


t 




< 


CD 


CD 




O 


O 


< 


o 


o 


CD 


CD 


H- 












h- 




CD 


CD 


CD 


< 


CD 


1- 


CD 
h- 




< 




CD 


1- 


h- 


< 


< 


CD 


< 


< 






Sc 


CD 




O 


O 


CD 


r 

o 
»- 




o 




CD 


< 


< 






O 


O 


O 


O 


O 


U 


$ 






h- 




h- 


1- 




O 






CD 


CD 


< 


< 




CD 


CD 


CD 


CD 


h- 


i— 






< 


< 


O 


h- 


1- 


— 


f- 


CD 
\— 








t 


1- 


h- 


CD 


CD 












\— 


o 


O 


CD 


CD 


CD 


< 


< 


O 




< 


CD 


CD 


CD 


< 


< 


O 


O 












< 


h- 


CD 


CD 


CD 


CD 


O 


o 


O 






O 


o 






1- 


o 


CJ 




f- 




< 






CD 


\— 


$ 


1- 




h- 


O 


CD 




o 




o 
1- 


o 


< 




< 


CD 


CD 


< 


< 


o 


O 


O 


o 


O 


CD 


$ 




< 


< 


< 


O 


h- 


< 


o 


< 


o 




CD 


1- 


h- 


CD 


CD 


CD 


O 


o 


o 


O 


\— 


CD 


O 


O 


O 


O 


O 


o 


CD 


CD 


< 


< 


o 


CD 


CD 


CD 


CD 


CD 


o 


a 


o 


CD 


O 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 




J— 




H 




\— 


h- 


H- 








CO 




CO 


CO 


o 




CM 


CO 




in 


CO 


r>- 


CO 


CO 


o 




CM 


co 




m 


CD 






CO 


o 


CO 


CO 


CO 


CO 






















in 


m 


in 


m 


in 


m 


in 


m 


in 


CO 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CO 


CD 


CO 


CO 


CD 


CO 


CD 


CD 


CD 


CO 


CD 


CO 


CD 


CO 


CD 














































in 


in 


in 


o 


O 


o 


O 


O 


O 


o 


o 


O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


O 


o 


o 


o 


O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


CD 


CD 


CD 


CD 


CD 


a 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 


CD 




CD 


CD 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


< 


2 


< 


< 



WO 2007/080127 



PCT/EP2007/000287 



172 



V-2 

■8* -a- 

-Q <D CO 

cd E -c 
o> co a. 

« ° £ 

d) A3 CO 
-C T3 TQ 
0- C t= 
O 7j U 

< U LU 

in r o 

CO «- CM 
N CO O) 
CO h- r- 

in in t- 
O) O) co 
to m o 

t- CM CO 



s 

5 

o 
h- 
I- 
o 

H 

o 
o 

J— 

CD 
O 

i 



in 
o 
o 



S 8 



CD Ol 

2 2 

t: </> 

3 CD 

O Z 

CO CO 

<j> m 

CO CM 

in t- 
cn co 
in o 

CM O) 



< 

< 



o 
o 

O 

2 



in 
o 
o 

< 



0) 

"en ^ 

CD CD 
O) _Q 
O 3 

c 

CD CD 

o5 >* 
E .5 

x: o 

Q. </> 
O O 

V) *r 

O Q 

Q o 
o 
co ro 
O co 
co ti- 
co o 
co 
tj- co 



2 

< 
< 
O 
H 
h- 
O 

h- 

a 
a 

i 

o 
o 

o 



in 
o 
o 

S 



aT.2 

co w ^ 
to to $2 

</) O) £ 

co o IP. 
c c rj 

CO CD C 

s|i 

CO CO 

a. .c a. 
o a. o 
v> o to 
o to o 

o2o 

CO ^"tJ" 

CM CO S 

O CO CO 

CO to h- 
t- CO 

O) S CM 

CM 00 CO 

0> CM CD 



CO 

1.1- 

co c 

>s O 

•= 5 
!c >> 
Q. E 
o § 

g 5 
q3 

CO 
O) o> 
T O 

in co 
co a> 
co co 
co co 



O 
(J 

o 
h- 

H 

o 
h- 
o 
a 

$ 

h- 
o 
o 
o 

a 



in 
o 
o 

2 



o 
u 

— to 

^ > -G 

s s § 

.2 jz -g 
EE© 

CO "C CO 

O) cd a 
w _ca _cd 

fit 

o O O 

goo 

< Q Q 



m cm r- t- 
n id i — co 

N O CN Q 

cm m CM to 
-r- co cd 
to co a> co 

N S CN S 
CM OJ CO 



< 

a 



o 
o 

< 

I 

o 



in 
o 
o 
O 
< 



c 
o 
w 

1 

JO 

O 
CO 

O 
t_ 

Q 

co 
co 

CO 
CM 

o 

CM 
CD 



WO 2007/080127 



PCT/EP2007/000287 



173 









0) 

O 




c 








Q. 


o 




E 


C 


s. 


TO 






£ 


O 


O OL 








CM 


a> 




o 


O 


r- 


r- 


I s - 




co 




CO 




o o 







?8 

V- 

= Q) 

0) Q. 

E 9 

W M 
Q- >* 
< 5 

CM Oi 

to ^a- 

ID CM 

m co 
co to 
m co 

CO 



.2 
o 

o o> 
E E 

5,2 

n " 

E 

CO 

05 t- 
CO co 
T CM 
CO CO 
«- o 
O CD 
CO IO 

co in 



03 
C 
TO 
k. 

CD 

Is 

CO 

Z3 

£ o 

.5 

o o 
o t- 

O) i- 
lO O 

co h- 
co I s - 
CM co 
h- O 
CO i- 



ca 
to 

V— 

1 ! 

CD 

2 9- 
ox (0 

ess 

° co 00 
o> 5 CO 

IO ^ CO 
CO 

CD CM 
CM CO CO 
N. I s - O 
CO CO O) 



CO "to" 
— CO 

CO o) 

8 = 

V) o 

II 

is 

a c 
X O 

CO o 

CO I s - 

CO i- 

CO CM 

LO ID 

IO IO 
O 



co 

en 2 
2 5 

h— is 
co — 

o. *> 

O CL 

■o o 

O "D 

QL O 

CO 
CO CO 
r- 

00 o 
CM 
CM I s - 
O CO 
*- h- 
t- CM 



m 
o 
o 
CD 
< 



in 
o 
o 
O 
< 



m 
o 
o 
CD 
< 





t- 


< 


< 


o 


a 






< 


< 


fTG 


fTG 


(- 

o 


f- 
o 


o 


o 






< 


< 


o 




o 


o 


O 


3 

a 


H 




< 


^ 


o 


a 


\- 


i- 


1- 


i- 



m 
o 
o 
CD 
< 



a 
i- 
cd 
o 
o 
o 

CD 

a 
o 

CD 
h- 
O 

o 
2 



< 



o 
o 
o 
o 

< 

cd 



< 
a 
o 

$ 

o 

< 
CD 

5 

CD 



O 
O 

< 

o 
o 
o 
< 

Q 

< 
O 
< 
CD 
O 
< 
CD 
O 



co 
o 
I s - 



o 
CD 
< 



o 
CD 
< 



o 

a 
< 



o 
CD 
< 



WO 2007/080127 



PCT/EP2007/000287 



174 



^ CO 
© *0 

8 | 

co 9- 

2 en 

s,g 

</> 2 
S-2 £ 

x§l 

<D O 

3q£ 
O -co 

m co 

OCMO 

in cm 

CM O) O 
CO CM t- 



CD 
CD 
O 
C 
CO 
CD 



o 
£ 

X 

E 
o 
m 

CM 

CO 
CM 
00 



CD 

CO 

fr 
0) 

> 
o 
o 

a> 
X 

o 

o 



00 



— * J2 

d) CD 
Q) 
tn c 
CO ■.= 
CO c 

o t 
* g 

E CD 

to e 

O. O 

o c 
8*5. 
O Q 

tO CM 
CO co 

in co 

CO o 

CO O 

CO CO 

■*r co 



CO 

"2 _ 

g. « 

~ CO 



co 2 



o. 



v> 



10 z 

■g s 
s| 

o ^ 
in co 
r*- t- 

CO 



Q: 2 

o a 
"O o 

O TJ 
CL O 

CO Q. 
— CO 
CO ^ 
00 CO 

00 o 
n- cm 

CM 

O CO 
t- 

t- CM 



CO co co tn \2 

a a a 
000 
www 

000 

1_ 1— l_ 

000 < _l 



in -fl- n 

CM CO CO 

O (O 

co rr co 
co co 

cm in 

co cm m 



3 

o 



o 
I- 

o 
h- 

CD 
O 

$ 

< 
o 
0 

< 
o 
o 

1= 

o 
o 
a 

3 



o 

o 

o 

a 
a 

CD 

< 
o 
o 

o 
a 

1= 

o 
o 
o 

2 



o 
h- 
o 
h- 
o 
h- 
o 
h- 
e> 
a 

< 
o 
o 

< 
o 
o 
I- 
h- 
o 
o 
o 

2 



< 
o 

0 
o o 



o 



o 
O 
< 



< 
o 
o 
< 
a 
a 
a 
o 



< 
o 
o 
o 

< 
1— 
o 
»- 
< 

< 

t 

o 
o 



o 

o 
< 



o 

o 
< 



co 



WO 2007/080127 



PCT/EP2007/000287 



175 



E 

CD 
C 
TO 
— 0) 
(0 TO 
C O 

•ll 
Si 

i- O) 

o to 
m o 

y— v— 

CM 

o m 

CM 



O 
< 

o 
o 
o 

E 

< 
o 
o 
o 
< 

< 
I- 
o 

H 
< 

o 
< 



o 
o 
o 
o 
o 
o 



to 

o 
o 

TO "O 
O 3 

qj a> 



> 

TO 

s & 

TO O 



TO TO 

IE Z 

CL Q. 
O O 
05 CO 

a o 
Q Q Q Q 

a> cd 
o> in 

CO fM r- CO 

o> n. co 

CO If) S O) 

CM O) ^ CO 

CM CN CM N 

CD O) 05 CD 



< 
O 
O 

5 

O 
O 

o 



< 
(J 
o 
o 

5 

< 

o 

< 

O 
O 

o 
o 
o 
o 
I- 



CN 
CO 



o 
CD 
< 



o 
O 
< 



o 
O 
< 



TO 
TO 

TO 

If 

CO o 

1* 

O) CO 

TO *2 

CL O 
O C 

St 
£* 

h- CO 
^ G> 
CM 

CM «- 

r- i- 

03 o 
CM CD 
05 CD 





O 




< 




o 




o 








< 




o 




a 




< 




o 


a 


o 


a 


o 






$ 




a 


o 


o 


o 


< 










o 


O 


o 


o 


o 




o 


1 


1- 




h- 
1- 


O 


$ 

o 


H 


H 




1- 


O 


o 


H 






1- 



CO 

a> 
■o 
o 
cn 

TO 
JC 
CL 
O 



O 

o 
o 
o 



CO 

r- 



4 

© 

TO 




WO 2007/080127 



PCT/EP2007/000287 



176 




WO 2007/080127 



FCT/EP2007/000287 



177 



© 

ex 
en 
e 
o 



e 

o 



© 
© 
C 



w 

0} 

■g 
o 

CD 

ro 

CL 

o 

00 



cd 

CO 
00 



o 
m 
co 



8 



co 

CO 
CO 
CO 
XT 

co 

CM 
CO 



2 

CD 

CD 
CD 
O 
O 

< 
CD 

CD 
< 
CD 
H 
< 
CD 

a 
a 
o 



CD 
O 
O 
I- 
< 
CD 

CD 
< 
CD 

CD 
O 

a 
a 
a 

CD 

\— 
a 



CN 

m 

CO 



C/) 

© 

© 
a 

(/> 

XJ 

c 

CO 

© 
n 



c ^ 
co > -c 



Q. 

£ 

© 
x 

LU 



!i 

S x 
2 .o 

II 

"—CO 
CM CO 

co 

CN CD 
^ CO 

co r» 

a> co 

CO o 

cn t- 



£ © 

E 

= W 

5 8 

CO ^ 
O O 
r- CO 

co in 

CD O 
CO CO 

o w 



© 
© 



© 
o 
c 
© 

=3 

cr 
© 
CO 



O 
z 

a 
a 

LU 
CO 



© 



CO 

o 



o 
o 
a 
2 



00 
C 

£ 
© 



CO 

c 

© 

>- © 

o © 
2 Q.^ o 

-— CL x 

<£>© o 
o .2- a. h- 

m i- in co 
co m co m 

*T CD CO CN 

in t- x~ i- 



cm m 

CO CD CO 

o 
ro co 



© 

TO £ 
<D © 

tn © 

d a 

'c 

O r 

o o 

©£ 

= i 

CM 
^ CO 
O CM 
CD TT 

co rr 

o CM 
r- CM 



O 
CD 

a 

2 



o 

CD 

cd 
o 

CD 



CD 

o 

CD 



O 

T— 

CD 



O 
O 
CL 



o 
o 
a 
2 



o 
o 
Ql 



CM 
CD 



O 

o 
CL 
5 



O 

cd 
< 
o 
u 



2 

o 
o 
o 
< 

CD 
O 
O 

CD 
O 

a 

CD 



CD 

CD 
CD 
h- 

CD 
< 

O 

a 
o 

CD 
O 
< 



o 

< 



E 

D 

03 

CL 

c 
o 

a. 



< 

CO 

CD 
CD 
CD 



© 

CO 

In 

E 
© 

CD 
CO 
© 
© 

-C 
Ql 
O 
C 

< 

CO 
CO 

in 
o 

CM 
CO 

CM 



E 
© 
© 
© 



O 
CD 
CD 

< 
CD 
f- 
< 
O 

o 

2 



< 
a 

CD 



in 

CD 



CO 
r— 
CD 



O 
O 

a 



co 
o 

CD 



CL 
< 



E 

VI 
CL 

c 

o 

JZ 
Q- 

'</) 
O 

n 
r 
>» 



CO 

co 

CO 
CD 
CO 



CD 

< o 
O < 

op 
< 

2<8 



;2 



CD 



O ^ 
(3 CD 
I— 

O CD 
■ hh 
CD < CD 
hhh 
CD < < 

CD CD < 

a cd h- 

< CD < 
J — I — o 

< < »- 



CO 
CO 



CD 

^- 

CD 



O 
O 
CL 

5 



WO 2007/080127 



PCT/EP2007/000287 



178 



CL 

CO 
CO 
O 
CD 

to 

"-C 
CL 

< 



E 

fi 

c *c 
.9- <o 

€ & 
o o 

< t 

i- CO 

o> to 
r- (N 

00 <r- 
O) CO 

co o 
CO o 
CO 



(0 
Q. 

E 

3 



CO 

O 
CO 
Q. 
O 

_c 

CO 

to 
o 

CO 
CO 



>> 
< 



(0 

^ ]y 

'5. ~ 

CO CO 

§,» 

I ° 

-C X 
CL O 

St 

CO CO 
CO 

CM CO 

lo 

t- CD 

CO CO 

CO r- 

1^- CO 



to ~ 

O CL CO 

O CO D 

CO CD ^ 

o r co 

S 

g 8* 

O >» CL 

X X w 

CN O) O) 

t- CM CO 

t- i- CN 

m s t- 

CO CM CO 

in co to 

o co co 



CD 

2 ^ 

O to CD 

E => t 

A .9 T3 

E "5 o 

O I Q_ 

CO — — - 

o m io 
^ o 

CM CM 0> 
to CO t- 

co 

o CO t- 

co o o 



E 
13 



C 
O 

CL 

co 
O 
-C 

■e 

>» 
o 

< 

CO 

r- 
05 
CO 
CD 



2 

co 

To 
.9- 
c co 

CS =3 

cu co 

CO CD 
3 CO 

If 

O CD 

^£ 

IO CM 
CM 

o> m 

CM O 
CO CO 
h- O 
CO 



o 

CL 
O 

c 

o 

to 

TD 
O 
13 



CO 

o 

CD 
CO 

CL 
< 

CO 
CO 

5 

CO 



CO 
CM 
CO 



o 
o 

CL 
2 



O 



< 

o a 

to 
u o 

<E 

o p 
< < 

o < 

5$ 





GTT 












O 




o 








< 




o 




^AG 




O 


o 


o 


a 


o 


< 


< 


o 


o 


o 


a 


o 


o 



£5 

K O 
< H 

O O 



< 
< 

o 
< 



o 

< 
o 

CD 
< 



o 


a 


o 


o 


o 


o 


o 


o 



CO 
CO 
CO 



LO 
CO 
CD 



CO 
CO 
CO 



> O I 



o 

CO 









o 


< 


< 


o 




o 




h- 








o 


o 






< 


< 


O 


O 


a 


o 






< 


< 


o 


o 


o 


O 


< 




o 


O 


o 


O 


o 


O 


< 


< 


o 


o 


o 


o 



co 



o 
o 
a 
2 



o 
o 

CL 

5 



o 
o 

CL 

2 



o 
o 

CL 

5 



o 
o 

CL 



o 
o 

CL 



< 
t o 
ot 

Oh 



CO 
CO 



o 
o 

CL 

2 



WO 2007/080127 



PCT/EP2007/000287 



179 



CO 
CM 

in 

CO 
O) 
CO 



< 
< 



a 
o 
o 

o 

h- 
< 

o 
a 

o 
a 
o 
o 
a 
o 



T3 
CO 

a. 

Si 

W Q. 
« w 

g>| 

.52 a 
jz o 

CL £ 
< £ 

CM CO 

CM S 
CM 

i- O 

CD CO 

co 

CO 



o 

o 
o 
o 
a 
o 



o 
o 

CL 
2 



to 

ST" 

co co 

.2 & 

Q. O 
it 

t~ CO 

a> 

t- CO 
CJ> 

CD 
CD CO 
CO t- 
h- CO 



r- 



tn 



o 
o 

CL 



CO 

U 
'C 



co 
o 

CO 



a. 
o 
x 
o 



CO 
ID 
CM 

CO 
O 

o 

CO 



CO 

in 



E 
□ 
w 

"o. 
c 
o 
.c 
9_ 
"w 
o 
J= 
r 

O 
< 



oo 

<Ji 
CD 



"D 
(0 
CL 

£ 
u 

-C 

Ql 



O 
— 

x: 

Q. 

< 

o 

CO 

o 
in 
t— 

CD 
CO 



in 
in 

CD 



o 
o 

Q_ 
2 



o 
o 
a 



to 
in 



£ 

CO 

O. 

s 

CO 
CO 
CM 
CO 
CD 
CO 

m 



£ 

D 

to 

CL 
C 

o 



5. 

o 

< 



o 
h- 

CO 

m 



< 
CD 

a 

■3 
1 

a 



o 
o 

< 



£ 

D 

W 

'a. . 
c 
o 
-C 

Q. 

'w 
o 

XT 

r 
o 

< 



o 

CD 
CD 



CD 

£ 

CO 
CL 
<, 

CO 

a> 

o> 
in 



O 
O 

o 
o 
a 



CM 
O 
O 

Ql 



2 



2 



E 



o o ■ 



2 



2 



2 



2 



2 

a 



WO 2007/080127 



180 



PCT/EP2007/000287 





55814942 (Acyrthosiphon pisum) 


28571527 (Drosophila melanogaster) 


47520567 (Acyrthosiphon pisum) ! 


40924332 (Bombyx mori) 


47520567 (Acyrthosiphon pisum) 


47520567 (Acyrthosiphon pisum) I 


35508791 (Acyrthosiphon pisum) 


35508791 (Acyrthosiphon pisum) I 


110240379 (Spodoptera frugiperda) 
27372076 (Spodoptera littoralis) 


1 5366446 (Apis mellifera) 


237458 (Heliothis virescens) 


301 24460 (Toxoptera citricida) I 


1 03020368 (Tribolium castaneum) 


35508791 (Acyrthosiphon pisum) 


35508791 (Acyrthosiphon pisum) 


55905051 (Locusta migratoria) \ 


30124460 (Toxoptera citricida) 


35508791 (Acyrthosiphon pisum) I 


30124460 (Toxoptera citricida) 


30124460 (Toxoptera citricida) 


7361 5307 (Aphis gossypii) 


30124460 (Toxoptera citricida) 


301 24460 (Toxoptera citricida) I 


75469507 (Tribolium castaneum) I 


35508791 (Acyrthosiphon pisum) 


C AAG GTG G T AGT C AGG CAAG ATTTTTACT ATG C AAAG T | 


GGTGATGGTGGAG CACC AGTTTTG AC AG ATG ATGT AAG CTTG 
CA 


GTGGCTGCATACAGTTCATTACGCAGTA | 


TAATGGCTCGTATGGTAGTGAACCGTGCTGAAACTGA | 


TATAGGCACATGTTGATGCGTGAAGAT | 


TGGGCTGATCGTACGCTTATACGCTTGTGTCA i 


TTAGCTAGGAATTGGGCAGACCCTGT | 


AAACAAGATTTTGAGGAAAATGG | 


AACCTGGTAAATCAGTTCTTGA j 


AACGACGACATCACCCATCCTATTC 


AATTTAGCTAATGATCCTACTATTGA 


ACTATGCCTAACGACGACATCACCCATCC ! 


AT AGTATTTG CTG CT ATG G GTG TT AAT ATG G AAAC ! 


CAAATTTGTAGACAAGCTGGTCT 


CATG AAG ACAATTTTG CTATAGTATTTGCTG CT ATG GGTGTT A 
ATATGGAAAC 


CCGATAGATAAAGGACCTCCTATTTTGGCTGAAGATTATTTGG \ 
ATATTGAAGGCCAACCTATTAATCCATA 


CCTATTTTGGCTGAAGATTAT 


CG TATCATT ACACC ACGTCTTG CTTTAACTG CTG CTG AATTTT 
TAG CTT A 


CGTCTTG CTTTAACTG CTG CTG AATTTTT AG CTT A 


GAAGAAGTACCTGGGCGTCGTGGTTTCCCTGGTTACATGTAC 
AC 


GAAGGAAGAAATGGTTCTATCACACAAATACCTATTTTAACTA 
TGCCTAA 


GAAGGAAGAAATGGTTCTATCACACAAATACCTATTTTAACTA j 
TGCCTAACGA 


GATTTAGCTACAATTTATGAACG 


GCCAGATTCTTT AAACAAGATTTTGAGGAAAATGG 


GCTATGGGTGTTAATATGGAAAC 


GCTGCAGGTTTACCACATAATGAGATTGCTGCTCAAATTTG 
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92941 126 (Drosophila virilis) I 


90812513 (Nasonia giraulti) 


45552830 (Drosophila melanogaster) I 


21464337 (Drosophila melanogaster) 


24646762 (Drosophila melanoqaster) 


24646762 (Drosophila melanoqaster) 


49573116 (Boophilus microplus) 


50564037 (Homalodisca coaqulata) 


! 58384759 (Anopheles qambiae str. PEST) 


58384759 (Anopheles gambiae str. PEST) 


i 24646762 (Drosophila melanogaster) I 


I 22026793 (Drosophila melanoqaster) I 


| 24646762 (Drosophila melanoqaster) I 


| 93000469 (Drosophila mojavensis) I 


15354019 (Apis mellifera) 


15354019 (Apis mellifera) 


21068658 (Chironomus tentans) 


21068656 (Chironomus tentans) 


2890413 (Drosophila melanoqaster) 


49536419 (Rhipicephalus appendiculatus) 


60308907 (Hister sp.) 


77642464 (Aedes aeqypti) 


| 110759359 (Apis mellifera) I 


I 110759359 (Apis mellifera) ! 


I 90137538 (Spodoptera fruqiperda) I 


I 94468805 (Aedes aeqypti) 


60315277 (Dysdera erythrina) 


60336214 (Homalodisca coagulata) 


AGGTCAAGGAGGCCAAGAAGC | 


ACGTTACCCTTAGCCTTCATGTA j 


AAGGGTAACGTATTCAAGAACAAGCG I 


AGTCCCAGGAACACCTATCAG 


ATTATTCCCTTCCCCGATCACAA 


CACGCTATCCCATCTCGTATGACAATTGG 


TACAAGTTCTGCAAAATTCGAGT 


ATGACAATTGGCCATTTAATTGAATG 


ACCTACACGCACTGCGAGATCCA 


GGTGTGGTGGAGTACATTGACAC 


I ATTATTCCCTTCCCCGATCACAA ! 


| AGTCCCAGGAACACCTATCAG ! 


| CACGCTATCCCATCTCGTATGACAATTGG I 


| TCTCGTATGACAATTGGCCATTT I 


GCAAACAAGTCATGATGTTCAG 


GGTATGGGAAAAACTGCTGTATTTGTGTT 


GAATGCATTCCTCAAGCTGTA 


TGCAAGAAATTCATGCAAGATCC 


TTCCAAATCAGCAAAGAGTATGA 


GATGACGAGGCCAAGCTGACGCT 


TGTGGTTTTGAACATCCATCTGAAGTACAACA 


GAAAACGAAAAGAACAAAAAG 


| GGTATGGGAAAAACTGCTGTATTTGTGTT 


| GCAAACAAGTCATGATGTTCAG 


I CTGCAG CAG CACTATG TCAAACTC AA 


| GAAAACGAAAAGAACAAAAAG 


TGCCAAGCCTAAAGATTTGGG 


ATGTTCAAGAAAGTTAATGCTAGAGA 
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66522334 (Apis mellifera) 


75735289 (Triboiium castaneum) 


110762109 (Apis mellifera) ! 


2761430 (Drosophila melanogaster) 


49559867 (Boophilus microplus) 


49559867 (Boophilus microplus) 


92043082 (Drosophila willistoni) 


92481328 (Drosophila erecta) 
28571527 (Drosophila melanogaster) 


33427937 (Glossina morsitans) 


47520567 (Acyrthosiphon pisum) 


47520567 (Acyrthosiphon pisum) 


55891325 (Locusta migratoria) 


56151768 (Rhynchosciara americana), 75736992 (Triboiium 
castaneum) 


6932015 (Anopheles gambiae), 29558345 (Bombyx mori) 


91086194 (Triboiium castaneum) 


21640529 (Amblyomma variegatum) 


25959135 (Meladema coriacea) 


25959135 (Meladema coriacea). 77646995 (Aedes aeqypti) 


3114090 (Drosophila melanogaster) 


37951963 (Ips pini) 


40544671 (Tribollum castaneum) 


49565237 (Boophilus microplus), 49538692 (Rhipicephalus 
appendicutatus) 


76552920 (Spodoptera frugiperda) 


GAGTTGTTGGTGTTCTTTTGGGATG 


TTTCAAACAGTTTTGCAGTTCC 


GAGTTGTTGGTGTTCTTTTGGGATG | 


AAGGACCTGACTGCCAAGCAG 


GCCAAGCAGATCCAGGACATG 


TGCTCGAAGAGCTACGTGTTCCG 


AAGAGCTACGTGTTCCGTGGC I 


AAGGACCTGACTGCCAAGCAG 


ATGGACACATTTTTCCAAATTCTCAT 


ACCAGCAGTATTCAACCCGACA 


TATTGATGGACACATTTTTCCA 


TTCAACAACAGTCCTGATGAAAC 


ATGGACACATTTTTCCAAATT 


CCGCAGTTCATGTACCATCTGCG 


ATGGACACATTTTTCCAAATT ! 


AAGAAGTATGTTGCCACCCTTGG 


GACATCAAGGACAGGAAAGTCAAGGCCAAGAGC 
ATAGT 


CAACTACAACTTCGAGAAGCCGTTCCTGTGG 


TACAAGAACGTTCCCAACTGGCA 


TGCGAAAACATTCCCATTGTACT 


AGGAAGAAGAACCTTCAGTACTACGA 


AGCAACTACAACTTCGAGAAGCC 


AACAAAGTAGACATCAAGGACAGGAAAGTCAA 
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78230577 (Heliconius erato/himera mixed EST library) 


78538667 (Glossina morsitans) ! 


84267747 (Aedes aegypti) I 


110263840 (Spodoptera frugiperda) 


90136305 (Bicyclus anynana) I 


90813103 (Nasonia vitripennis) 


91 091 115 (Tribolium castaneum) I 


90136305 (Bicyclus anynana) I 


9097791 0 (Aedes aegypti) | 


92465523 (Drosophila erecta) 


113015058 (Bemisia tabaci) 


1 1 0086408 (Amblyomma cajennense) I 


1 1 0086408 (Amblyomma cajennense) I 


1 10086408 (Amblyomma cajennense) | 


29552409 (Bombyx mori) 


77823921 (Aedes aegypti) 


9443591 3 (Bombyx mori) I 


15536506 (Drosophila melanogaster) 


49547019 (Rhipicephalus appendiculatus) 


58079586 (Amblyomma americanum) 


82848521 (Boophilus microplus) 


92229701 (Drosophila willistoni) i 


92962655 (Drosophila ananassae) I 


1 12433067 (Myzus persicae) S 


110085175 (Amblyomma cajennense) I 


1033187 (Drosophila melanogaster) 


16900951 (Ctenocephalides felis) 


47518467 (Acyrthosiphon pisum) 


47518467 (Acyrthosiphon pisum) 


61954844 (Tribolium castaneum) 


CCCAACTGGCACAGAGATTTAGTG 


GATGGTGGTACCGGCAAAACTAC | 


TACAAGAACGTTCCCAACTGGCAC 


AACAAAGTAGACATCAAGGACAGGAAAGTCAA | 


TTGACTTTCCTGTCCTTGATGTC j 


GACATCAAG G ACAG G AAAGTCAAG G C | 


AGGAAGAAGAACCTTCAGTACTACGA | 


GATGTCGTAGTACTGAAGGTTCTT | 


CAACTACAACTTCGAGAAGCCGTTCCTGTGG | 


CC AACCTGG AGTTCGTCG CCATG CC I 


GAATTTGAAAAGAAGTATGTTGC ! 


CTTCAGTACTACGACATCAGTGCGAA | 


AGCAACTACAACTTCGAGAAGCC | 


AAGCTGATCGGTGACCCCAACCTGGAGTT I 


CACAGTTTGAACAGCAAGCTGG 


GCAGCAGACG CAG G CACAGGT AG A 


CACAGTTTGAACAGCAAGCTGG I 


CAAGCGAAGATGTTGGACATGCT 


ATGGTGGTGGGCTGGTACCACTCGCACCC 


GTGGTGGGCTGGTACCACTCGCACCC 


GTGGGCTGGTACCACTCGCACCC 


AAGATGTTGGACATGCTAAAGCAGACAGG j 


TGTCGGGTGTCGACATCAACAC 


GTTCCCATGGAAGTTATGGGC 


GTGGGCTGGTACCACTCGCACCC 


GAGATCGATGCCAAGGCCGAGGA 


GAATTCAACATTGAAAAGGGA 


GAAGAATTCAACATTGAAAAGGG 


GAAGCCAATGAGAAAGCCGAAGA 


TCGTCAAACATGCTGAACCAAGC 
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4680479 (Aedes aegypti) 


53883819 (Plutella xylostella) 


67883622 (Drosophila pseudoobscura) 


67883622 (Drosophila pseudoobscura) 


67883622 (Drosophila pseudoobscura), 31206154 
(Anopheles gambiae str. PEST) 


67896654 (Drosophila pseudoobscura) 


67896654 (Drosophila pseudoobscura) 


75710699 (Tribolium castaneum) 


76554661 (Spodoptera fruqlperda) 


9992660 (Drosophila melanogaster) 


9992660 (Drosophila melanogaster), 2921501 (Culex 
plpiens), 62239897 (Diabrotica virqifera) 


92999374 (Drosophila grimshawi) 


92940538 (Drosophila virilis) 


92938622 (Drosophila virilis) i 


92950254 (Drosophila ananassae) 
90137502JSpodoptera frugiperda) 


92946927 (Drosophila ananassae) I 


24646342 (Drosophila melanogaster) 
92231646 (Drosophila willistoni) 


107256717 (Drosophila melanogaster) 


92985459 (Drosophila grimshawi) 


92938622 (Drosophila virilis) 


— — — 

TGGCCTACCAGTGCGAGAAGCACGTG 


TGGCCACCATCTACGAGCGCGCCGG 


ATG G AG AACGTGTG CCTGTTCTTG AA 


CCCG AGG AAATG ATCCAGACTGG 


TGGCCTACCAGTGCGAGAAGCACGTGCT 


GAGGAGGTGCCCGGCCGTCGTGGTTTCCCCGG 
TTACATGTACACCGAT 


GAGGGTCGCAACGGCTCCATCAC 


GAGGTGCCCGGCCGTCGTGGTTTCCCCGGTTAC 
ATGTACACCGAT 


ATGGAGAACGTGTGCCTGTTCTTGAAC 


TGGCCTACCAGTGCGAGAAGCACGTGCTCGTCA 
TCCT 


CGTCGTGGTTTCCCCGGTTACATGTACACCGAT 


TG GTCG CG TATCTATCCCG AGG AAATG ATCCAG 
AC 


TG GTCG CGTATCTATCCCG AGG AAATG ATCCAG 
ACTGG 


TCTATGGAGAACGTGTGCCTGTTCTTGAAC 


ATGGAGAACGTGTGCCTGTTCTTGAAC 


AACGTGTGCCTGTTCTTGAAC 


TGGCCTACCAGTGCGAGAAGCACGTGCT 


TG G CCTACC AGTG CG AG AAG C ACG TG CTCG TCA 
TCCT 


GCCTACCAGTGCGAGAAGCACGTGCT 


GAGGAGGTGCCCGGCCGTCGTGGTTTCCCCGG 
TTACATGTACAC 
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92477818 (Drosophila erecta) 


91090030 (Tribolium castaneum) 


104530890 (Belgica antarctica) ] 


92981037 (Drosophila grimshawi) 
24646342 (Drosophila melanoaaster) 


92957249 (Drosophila ananassae) 


103744758 (Drosophila melanoaaster) j 


91829127 (Bombyx mori) j 


92957249 (Drosophila ananassae) j 


92479742 (Drosophila erecta) I 


84343006 (Aedes aegypti) 


113018639 (Bemisia tabaci) ! 


85857059 (Aedes aegypti) I 


91087112 (Tribolium castaneum) I 


78542465 (Glossina morsitans) I 


9223241 1 (Drosophila willistoni) I 


90986845 (Aedes aegypti) I 


92043152 (Drosophila willistoni) I 


91091115 (Tribolium castaneum) I 


9098221 9 (Aedes aegypti) 


94433465 (Bombyx mori) 


10708384 (Amblyomma americanum) 


18864897 (Anopheles gambiae) 


18888926 (Anopheles gambiae) 


21640713 (Amblyomma varieqatum) 


22039832 (Ctenocephalides felis) 


33378174 (Glossina morsitans) 


3738872 (Manduca sexta), 25959135 (Meladema coriacea), 
40542849 (Tribolium castaneum), 67840088 (Drosophila 
pseudoobscura) 


GAGGAGGTGCCCGGCCGTCGTGGTTTCCCCGG 
TTACATGTACACCGAT 


GAGGTGCCCGGCCGTCGTGGTTTCCCCGGTTAC 
ATGTACACCGAT 


CGTCGTGGTTTCCCCGGTTACAT I 


CGTCGTGGTTTCCCCGGTTACATGTACACCGAT 


CGTGGTTTCCCCGGTTACATGTACACCGAT | 


ATCGGTGTACATGTAACCGGGGAAACCA I 


CGTCCGGCGCGCTCGTAGATGGT [ 


GAGGGTCGCAACGGCTCCATCAC 1 


CGGACGTGGCCTGGTTCATCA i 


GTGGTGTACGACTGCACCGACCAGGAGTCGTTC 
AACAAC 


GAAAGTTACATCAGTACCATTGGTGT | 


CACCGACCAGGAGTCGTTCAACAAC | 


AGTACCATTGGTGTAGATTTTAAAAT ! 


ATTGGTGTAGATTTTAAAATTAG | 


GGTGTAGATTTTAAAATTAGAAC I 
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Example Gl-number and species ! 


1 12350001 (Helicoverpa armiqera) 


27562760 (Anopheles gambiae) 
58378595 (Anopheles gambiae str. PEST) 


42764924 (Armigeres subalbatus) ! 


71048604 (Oncometopia nigricans) 


1 1 2783858 (Anopheles funestus) I 


90132259 (Bicyclus anynana) I 


1 12350001 (Helicoverpa armiqera) 


112350001 (Helicoverpa armiqera) ! 


14627585 (Drosophila melanoqaster) I 


5498893 (Antheraea yamamai) 
90132259 (Bicyclus anynana) 
92969396 (Drosophila grimshawi) 
50818668 (Heliconius melpomene) 
58371410 (Lonomia obliqua) 


1 03783745 (Heliconius erato) I 


77890923 (Aedes aegypti) ! 


101413238 (Plodia interpunctella) 


109509107 (Culex pipiens) 


27566312 (Anopheles gambiae) 
67889891 (Drosophila pseudoobscura) 


92944919 (Drosophila ananassae) 
67886177 (Drosophila pseudoobscura) 
92045792 (Drosophila willistoni) 


92929731 (Drosophila virilis) 


109509107 (Culex pipiens) 


55816641 (Drosophila yakuba) \ 


3986403 (Antheraea yamamai) I 


2886669 (Drosophila melanoqaster) 


92944919 (Drosophila ananassae) 


















vAGGT 












U3GTC 




















Sequence * 


AACAACGTGTTCATCATCGGCAAGGGCACGAA 


AACGTGTTCATCATCGGCAAG 


AACGTGTTCATCATCGGCAAGG 


AACGTGTTCATCATCGGCAAGGG 


AACGTGTTCATCATCGGCAAGGGCACGAA 


AACTTGGGGCGAGTGGGCACCATCGTGTC 


AACTTGGGGCGAGTGGGCACCATCGTGTCCCGCGAG 


AAGATCGTGAAGCAGCGCCTCATCAAGGTGGACGGC^ 


AAGGTCCGCACCGACCCCACCTA 




AAGTACAAG CTGTGCAAGGTG 


AC AACGTGTTCATCATCGGCAAGGGCACGAA 


ACGGCAAGGTCCGCACCGACCC 


ACGGCCGCACGCTGCGCTACCCCGACCCGCTCATCA/ 
AACGACTCC 


ACGTGTTCATCATCGGCAAGGGCAC 


AGGAGGCCAAGTACAAGCTGT 


AGGAGGCCAAGTACAAGCTGTGCAAGGT 


AGGAGGCCAAGTACAAGCTGTGCAAGGTG 


C AACGTGTTCATCATCG G C AA 


CAACGTGTTCATCATCGGCAAGGGCA 


CACACCTTCGCCACCAGGTTGAACAACGTGTT 


CCCCAAGAAGCATTTGAAGCG 


CCGAGGAGGCCAAGTACAAGCT 


SEQ ID NO 


2120 


2121 


2122 | 


2123 | 


2124 I 


2125 [ 


2126 ! 


2127 


2128 I 


2129 


2130 I 


2131 I 


2132 


2133 | 


2134 


2135 


2136 ! 


2137 | 


2138 I 


2139 I 


2140 j 


2141 I 


Target ID 


PX001 | 


PX001 


PX001 I 


PX001 | 


PX001 


PX001 I 


PX001 [ 


PX001 j 


PX001 | 


PX001 


PX001 | 


PX001 


PX001 


PX001 


PX001 


PX001 


PX001 | 


PX001 I 


PX001 s 


PX001 j 


PX001 | 


| PX001 | 
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15480750 (Drosophila melanogaster) 


22474232 (Helicoverpa armigera) 


1 12350001 (Helicoverpa armiqera) 


58378595 (Anopheles gambiae str. PEST) 


18914191 (Anopheles gambiae) 


3986403 (Antheraea yamamai) I 


112350001 (Helicoverpa armigera) 


103783745 (Heliconius erato) 


90132259 (Bicyclus anynana) I 


6031 1 985 (Papilio dardanus) I 


42764924 (Armigeres subalbatus) I 


1 03783745 (Heliconius erato) 


3738704 (Manduca sexta) 


109509107 (Culex pipiens) 


77759638 (Aedes aegypti) 


67841491 (Drosophila pseudoobscura) I 


56772971 (Drosophila virilis) ! 


112350001 (Helicoverpa armigera) 


98993531 (Antheraea mylitta) 


67838306 (Drosophila pseudoobscura) 
109978109 (Gryllus pennsyivanicus) 


2151718 (Drosophila melanogaster) [ 


5498893 (Antheraea yamamai) l 


3986403 (Antheraea yamamai) 


92942537 (Drosophila ananassae) I 


4459798 (Drosophila melanogaster) 


98994282 (Antheraea mylitta) 


92472430 (Drosophila erecta) 
55854272 (Drosophila yakuba) 


3953837 (Bombyx mandarina) 


29554802 (Bombyx mori) i 


9294491 9 (Drosophila ananassae) ! 


83935965 (Lutzomyia longipalpis) 


CCGAGGAGGCCAAGTACAAGCTGTGCAAGGT | 


CCGCACAAGCTGCGCGAGTGCCTGCCGCT j 


CGACGGGCCCCAAGAACGTGCC I 


CGAGGAGGCCAAGTACAAGCT I 


CGAGGAGGCCAAGTACMGCTG ! 


CGAGTGGGCACCATCGTGTCCCGCGAG I 


CGCTACCCCGACCCGCTCATCAAGGTCAACGACTCC i 


CGCTTCACCATCCACCGCATCAC | 


CGGCAACGAGGTGCTGAAGATCGT | 


CGTAACTTGGGGCGAGTGGGCAC | 


CTACCCGGCTGGATTCATGGATGT | 


CTCATCAAGGTCAACGACTCC | 


CTCATCAAGGTCAACGACTCCATCCAGCTCGACAT | 


GACGGCAAGGTCCGCACCGAC | 


GACGGCAAGGTCCGCACCGACCC i 


GAGGAGGCCAAGTACAAGCTGTGCAAGGT | 


GAGGAGGCCAAGTACAAGCTGTGCAAGGTG ! 


G AG G CC AAGTAC AAG CTGTG CAA 


GAGGCCAAGTACAAGCTGTGCAAGGTG 


GCCAAGTACAAG CTGTG CAAG GT 


GCCCCAAGAAGCATTTGAAGCG | 


GCGCGTGGCGACGGGCCCCAA | 


GCGCGTGGCGACGGGCCCCAAG 
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98997063 (Spizeilomyces punctatus) | 


84572408 (Aspergillus oryzae) ] 


50288722 (Candida glabrata CBS 138) I 


70990481 (Aspergillus fumlgatus) | 


90631635 (Thermomyces lanuginosus) | 


30394561 (Magnaporthe grisea) | 


59281 308 (Blastocladiella emersonii) | 


38353161 (Hypocrea jecorina) | 


34447668 (Cryphonectria parasitica) 


34447668 (Cryphonectria parasitica) 


38353161 (Hypocrea jecorina) | 


59281 308 (Blastocladiella emersonii) | 


50285562 (Candida glabrata CBS 1 38) 


66909391 (Phaeosphaeria nodorum) | 


110463410 (Rhizopus oryzae) I 


71 0061 97 (Ustilago maydis) | 


68488910 (Candida albicans) ] 


90347883 (Coprinopsis cinerea) 
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Example Gi-number and species 


16931515 (Coccidioides posadasii) | 


3351 5688 (Cryptococcus neoformans var.) | 


38132640 (Hypocrea jecorina) 


56939474 (Puccinia graminis f. sp.) I 


98997063 (Spizellomyces punctatus) I 


109744763 (Allomyces macrogynus); 
59297176 (Blastocladiella emersonii) 


109741 1 62 (Allomyces macrogynus) | 


67903433 (Aspergillus nidulans FGSC A4) | 


4191 107 (Emericella nidulans) | 


66909252 (Phaeosphaeria nodorum) | 


21649803 (Conidiobolus coronatus) | 


50554108 (Yarrowia lipolytica) ! 


90639144 (Trametes versicolor) I 


85109950 (Neurospora crassa) 1 


32169825 (Mucor circinelloides) I 


38353161 (Hypocrea jecorina) 
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CGTAACAGGTTGAAGTACGCCCT 
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CCATTCTTGGTCACCCACGATG 
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ATGGGTGTCAACATGGAAACCGC 


TGGAAACCGCCCGTTTCTTCA 


GGTTACATGTACACCGATTTG 


| GTCAAGATGGGAATCTGGGTGATGGA 
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Example Gi-number and species 


90545567 (Gloeophyllum trabeum) ! 


46122304 (Gibberella zeae PH-1) I 


50310636 (Kluyveromyces lactis NRRL Y-1 140) I 


851 14224 (Neurospora crassa) j 


50290674 (Candida glabrata CBS 138) I 


3356460 (Schizosaccharomyces pombe) j 


2 1 649889 (Conidiobolus coronatus) I 


82610024 (Phanerochaete chrysosporium) 


Sequence* 


AACAGGCTGAAGTATGCCTTGACC ! 


TTCATCGTCCGTGGTGGCATG j 


AGTTTTACCGGTACCTGGAGG ! 


CCTCCAGGTACCGGTAAAACT ! 


CCTCCAGGTACCGGTAAAACTTT 


ATTAAAGTTTTACCGGTACCTGGAGG 


GGTGCTTTCTTCTTCTTAATCAA 


ATCAACGGTCCCGAAATTATG 


3 ID NO 


LO 
LO 
CO 


CD 
LO 
CO 


LO 
CO 


CO 
LO 
CO 


Oi 

LO 
CO 


o 

CO 
CO 


to 

CO 


CN 
CO 
CO 


LU 

CO 
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Target 


TC001 


fTC015 


[ TC015 


| TC015 
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| TC015 
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n 



Example Gi-number and species 


30418788 (Magnaporthe grisea) 


22500578 (Gibberella zeae), 46128672 (Gibberella zeae PH-1), 
70662858 (Gibberella moniliformis), 71000466 (Aspergillus 
fumigatus) 


14664568 (Fusarium sporolrichioides) 


50550586 (Yarrowia lipolytica) | 


71000466 (Aspergillus fumigatus) 
92459259 (Gibberella zeae) 


90545567 (Gloeophyllum trabeum) 


24446027 (Paracoccidioides braslliensis) 


10229753 (Phytophthora infestans) 


Sequence * 


CCAAGGGCAAGGGTGTGAAGCTCA 


TCTCTGCCCAAGGGCAAGGGTGT 


TCTGCCCAAGGGCAAGGGTGT 


TCTCTGCCCAAGGGCAAGGGT 


TCTCTGCCCAAGGGCAAGGGTGT 


CTGCCCAAGGGCAAGGGTGTGAAG 


ATGAAGCTCGATTACGTCTTGG 


CGTAAGGCCGCTCGTGAGCTG 


SEQ ID No 




m 
h- 


CO 


h- 


CO 




o 

CO 


CO 

<* 


Target ID 


NL001 


NL001 


NL001 
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NL001 
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I NL003 
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lactis NRRL Y-1140); 85105150 (Neurospora 
crassa) 


90355199 (Coprinopsis cinerea) | 


1 5276938 (Glomus intraradices) ! 


28268268 (Chaetomium gtobosum) | 


90368808 (Aureobasidium pullulans); 34331122 
(Ustilago maydis) 


6831 345 (Pneumocystis carinii) | 


109651225 (Fusarium oxysporum f. sp.) | 


3994461 5 (Magnaporthe grisea 70-1 5) | 


14662870 (Fusarium sporotrichioides) j 


851 12692 (Neurospora crassa) | 


71005073 (Ustilago maydis) | 


3041 8452 (Magnaporthe grisea) | 


90566317 (Leucosporidium scottii) 


84573655 (Aspergillus oryzae) | 


29427786 (Verticillium dahliae) I 


90368806 (Aureobasidium pullulans) \ 


29427786 (Verticillium dahliae) i 


461 07507 (Gibberella zeae PH-1 ) I 


29427786 (Verticillium dahliae) | 


59281308 (Blastocladiella emersonii) j 


38353161 (Hypocreajecorina) | 


34447668 (Cryphonectria parasitica) | 


32169825 (Mucor circinelloides) I 


47067814 (Eremothecium gossypii) | 


68488910 (Candida albicans) | 


82608508 (Phanerochaete chrysosporium) 


59277641 (Blastocladiella emersonii) | 


90348219 (Coprinopsis cinerea) 




AAGTTTGGTGGTCTCCGAGATGGTTACTA | 


CAATGTGCCATCATCATGTTCGA j 


CATCATCATGTTCGATGTAAC | 


CACTTGACTGGAGAGTTCGAGAA 


TGAAGGTTCTTTTTTCTGTGGAA 


GGATGGTACCACTCGCATCCTGG | 


AACGAGAGGAAGAAGAAGAAG | 


AGGGCTTCTTCTTCTTCCTCTC I 


TAGGGCTTCTTCTTCTTCCTC ] 


GAGATGGTCGAGTTGCCTCTA | 


GCTGAAGACTTTTTGGACATC ] 


CCTCACCAAGTTCGAGAAGAACTTC | 


GTCGTCGGTGAGGAAGCCCTG | 


TCCTCACCGACGACAGCCTTCATGGCC I 


GATGTTTCCAACCAGCTGTACGCC ! 


GGCGTACAGCTGGTTGGAAACATC \ 


TGATGTTTCCAACCAGCTGTACGCC 


ATGGCAGACTTCATGAGACGAGA 


ATGCCCAACGACGACATCACCCA \ 


TGGGTGATGTCGTCGTTGGGCAT 


ACTATGCCCAACGACGACATCAC 


| GGTTACATGTACACCGATTTG 


| CCCAGGTTACATGTACACCGATTT 


| ACACCACGTTTGGCCTTGACT 


| GCCATGGGTGTGAACATGGAGAC 


| GACGACCACGAGGACAACTTTGCCATCGTGTTCG 


| AAGATCCCCATTTTCTCGGCTGC 




2013 I 


2014 | 


2015 | 


2016 


2017 I 


2018 | 


2019 
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2021 I 


2022 | 
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2024 I 
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dsRNA DNA Sequence (sense strand) 


SEQ ID NO: 863 

CTGCGAAACAGGCTGAAGTATGCCTTGACCAACTCAGAAGTGACGAAGATTGTTA 

TGCAAAGATTGATTAAAGTTGACGGAAAAGTTAGGACAGACCCCAACTACCCCGC 

GGGTTTCATGGATGTTGTGACTATTGAGAAAACTGGGGAATTCTTCCGCTTGATTT 

ATGATGTTAAGGGAAGGTTCACAATCCATCGCATTACTGGAGAAGAGGCCAAATA 

TAAATTGTGCAAAGTGAAGAAAGTACAGACAGGCCCCAAGGGCATTCCCTTCTTG 

GTGACCCGCGACGGACGCACTATCAGATACCCAGACCCCATGATCAAAGTGAAT 

GACACCATTCAATTGGAGATTGCCACTTCGAAAATTCTTGATTTTATCAAATTTGAG 

TCCGGTAATTTGTGTATGATTACTGGAGGTCGTAACTTGGGGCGTGTCGGTACAG 

TGGTGAGCCGAGAACGTCACCCAGGTTCCTTCGACATCGTTCATATTAAGGATGC 

AAATGGGCACACC 


SEQ ID NO: 868 

CATCCATGTTGAGGTGGGCATTTTTGAGGGCGTCCGCTGCGTTTTTCATCGTTTT 
GAGTACGGCTGTGTTGGTGTTGGCCCCCTCGAGGGCCTCCCGCTGCATCTCGAT 
GGTGCTGAGGGTGCCATCGATCTGCTGGAGCTGCTTTTCGTAGCGTTTCTTCCTC 
TTGATGGCCTGGATGGCCGCTGTTCACAAAG 


SEQ ID NO: 873 

ATGTCCTGGTACTTGAGGTTCCTCCATTGGGCGATTGTCTCACCGTGGAAAATCA 

AAATTTGGAAAAATGTGTCCATGAGAAGGATCCGATCGGGTTGAATGGAACTAGT 

GTCGAGGAGGACGGGTTCAGGGGGGCCGTTGAAACTATAACTGTACAAAATCGG 

CTGGATCATAATGAGACTTTGGGTGAGGTCCTCCCGCATCAGCATGTGGCGGTAG 

AACGAGGTCTCGTCTGGGGAGTTGTTGAAAACTTGGAGGAATTGGGAGCGGCGC 

AAATGGTACAT 


SEQ ID NO: 878 

CAACAGCGCTTGAAGATCATGGAATATTACGAGAAGAAGGAGAAACCGGTGGAAT 


0 

> 

<D 

m 

CD O 

I r 


SEQ ID NO; 865 

GGTGTGCCCATTTG 
CATCCT 

SEQ ID NO: 867 

GCGTAATACGACTC 
ACTATAGGGGTGTG 
CCCATTTGCATCCT 


SEQ ID NO: 870 

CTTTGTGAACAGCG 
GCCATC 

SEQ ID NO: 872 

GCGTAATACGACTC 

ACTATAGGCTTTGTG 

AACAGCGGCCATC 


SEQ ID NO: 875 

ATGTCCTGGTACTT 
GAGGTTCCTCC 

SEQ ID NO: 877 

GCGTAATACGACTC 
ACTATAGGATGTCCT 
GGTACTTGAGGTTC 
CTCC 


SEQ ID NO: 880 
ACAAGGCCGTACGA 


Primers Forward 
5* - 3' 


SEQ ID NO: 864 

GCGTAATACGACTC 
ACTATAGGCTGCGA 
AACAGGCTGAAGTA 
TGC 

SEQ ID NO: 866 

CTGCGAAACAGGCT 
RAAGTATftP 


SEQ ID NO: 869 

GCGTAATACGACTC 

ACTATAGGCATCCAT 

GTTGAGGTGGGCA 

SEQ ID NO: 871 

CATCCATGTTGAGG 
TGGGCA 


SEQ ID NO: 874 

GCGTAATACGACTC 
ACTATAGGATGTAC 
CATTTGCGCCGCTC 

SEQ ID NO: 876 

ATGTACCATTTGCG 
CCGCTC 


SEQ ID NO: 879 
GCGTAATACGACTC 


Target 
ID 


TC001 



TC002 


TC010 


TC014 
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GATGAGGACGACAAAGAAAAGAATGTTTGGTTCTTAGACCATGATTACTTGGAAAA 

CATGTTCGGGATGTTCAAGAAAGTTAATGCTAGAGAAAAGGTTGTGGGTTGGTAC 

CATACTGGACCCAAACTCCACCAAAACGATGTTGCAATCAATGAGTTGATTCGTCG 

TTACTGTCCAAACTGTGTCTTAGTCATAATCGATGCCAAGCCTAAAGATTTGGGTC 

TACCTACAGAGGCATACAGAGTCGTTGAAGAAATCCATGATGATGGATCGCCAAC 

ATCAAAAACATTTGAACATGTGATGAGTGAGATTGGGGCAGAAGAGGCTGAGGAG 

ATTGGCGTTGAACATCTGTTGAGAGACATCAAAGATACAACAGTCGGGTCACTGT 

CACAGCGCGTCACAAATCAGCTGATGGGCTTGAAGGGCTTGCATCTGCAATTACA 

GGATATGCGAGACTATTTGAATCAGGTTGTCGAAGGAAAGTTGCCAATGAACCAT 

CAAATCGTTTACCAACTGCAAGACATCTTCAACCTTCTACCCGATATCGGCCACGG 

CAATTTTGTAGACTCGCTC 


SEQ ID NO: 1612 

GCGACTATGATCGACCGCCGGGACGCGGTCAGGTGTGCGACGTCGACGTCAAG 

AACTGGTTTCCCTGCACCTCTGAGAACAATTTCAACTACCATCAATCGAGCCCTTG 

TGTTTTTCTCAAACTGAACAAGATAATTGGTTGGCAACCGGAGTACTACAATGAGA 

CTGAAGGCTTTCCAGATAATATGCCAGGTGACCTCAAGCGACACATTGCCCAACA 

GAAGAGTATCAACAAGCTGTTTATGCAAACAATCTGGATAACTTGCGAAGGAGAG 

GGTCCTCTAGACAAGGAGAATGCAGGGGAGATCCAGTACATCCCTAGACAGGGA 

TTTCCGGGCTACTTCTACCCTTACAC 


SEQIDNO: 1617 

GCTTGTTGTTCCCGTTGGATGTCTGTATCAACCTTTGAAGGAGAGACCTGATCTAC 

CGCCTGTACAGTACGATCCAGTTCTTTGTACTAGGAATACTTGTCGTGCAATTCTG 

AATCCATTGTGCCAAG TCG ACTATCG AG CCAAG CTATG G GTCTGCAACTTTTGTTT 

CCAGAGGAATCCTTTCCCCCCTCAATATGCAGCTATTTCGGAGCAGCATCAACCA 

GCAG AACTGATACCTTCATTTTCCACCATCG AAT ACATCATTACC AG AG CG C AAAC 

GATGCCGCCGATGTTCGTGCTGGTGGTGGACACATGTCTGGACGACGAGGAGCT 

GGGAGCTTTGAAGGACTCACTGCAGATGTCGCTGTCGCTGCTGCCGCCCAATGC 

ACTCATCGGTCTCATCACGTTCGGCAAAATGGTGCAGGTGCACGAGCTTGGCTGC 

GACGGCTGCTCGAAGAGCTACGTGTTCCGTGGCGTGAAGGACCTGACTGCCAAG 

CAGATCCAGGACATGTTGGGCATTGGCAAGATGGCCGCCGCTCCACAGCCCATG 

CAACAGCGCATTCCCGGCGCCGCTCCCTCCGCACCTGTCAACAGATTTCTTCAGC 

CTGTCGGAAAGTGCGATATGAGTTTAACTGATCTGCTTGGGGAATTGCAAAGAGA 

TCCATGGAATGTGGCTCAGGGCAAGAGACCTCTCCGATCTACTGGAGTTGC 


SEQ ID NO: 1622 


C 
c 
c 
c 


SEQ ID NO: 1611 

GCGTAATACGACT 

CACTATAGGGAGC 

GAGTCTACAAAATT 

GCCG 


SEQ ID NO: 1614 

GTGTAAGGGTAGA 
AGTAGCCCGG 

SEQ ID NO: 1616 

GCGTAATACGACT 
CACTATAGGGTGT 
AAGGGTAGAAGTA 
GCCCGG 


SEQ ID NO: 1619 

GCAACTCCAGTAG 
ATCGGAGAGGTC 

SEQ ID NO: 1621 

GCGTAATACGACT 

CACTATAGGGCAA 

CTCCAGTAGATCG 

GAGAGGTC 


SEQIDNO: 1624 


CTATAGGGATGCTGG 
AGACCTGGAGGTG 

SEQ ID NO: 1610 

GATGCTGGAGACCTG 
GAGGTG 


SEQ ID NO: 1613 

GCGTAATACGACTCA 
CTATAGGGCGACTAT 
GATCGACCGCC 

SEQ ID NO: 1615 

GCGACTATGATCGAC 
CGCC 


SEQIDNO: 1618 
GCGTAATACGACTCA 
CTATAGGGCTTGTTGT 
TCCCGTTGGATGTC 

SEQ ID NO: 1620 

GCTTGTTGTTCCCGTT 
GGATGTC 


SEQ ID NO: 1623 I 
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CTAGAATCAAACGTAGTACTGCGCGTGCGCGAGGCTGACGTGAGTCTGATCGAG 

GGCATTGTTGGCTCATGCGCAGAGCAGTACGCGAAGATGACCGGCAAAGAGGTG 

GTGGTGAAGCTGGACGCTGACAACTTCCTGGCCGCCGAGACGTGTGGAGGCGTC 

GAGTTGTTCGCCCGCAACGGCCGCATCAAGATCCCCAACACCCTCGAGTCCAGG 

CTCGACCTCATCTCCCAGCAACTTGTGCCCGAGATTAnAnTnnr.nr.Tr> 


SEQ ID NO: 1642 

CTGCGAGTGCGCTTGTCCGACATTGTCTCGATCCAGCCTTGCCCAGACGTCAAGT 

ATGGAAAGCGTATCCATGTGCTGCCCATTGATGATACCGTTGAGGGTCTTACAGG 

AAATCTGTTCG AAG TGTATTTGAAG CC ATACTTCCTGG AAG CATACAGG CCAATTC 

ACAAGGATGATGCATTCATTGTTCGCGGAGGTATGAGAGCGGTCGAATTCAAGGT 

GGTTGAAACAGATCCATCGCCCTACTGCATTGTCGCGCCAGACACCGTCATCCAT 

TGTGAGGGAGACCCCATCAAACGTGAGGATGAAGAAGACGCAGCAAACGCAGTC 

GGCTACGACGACATTGGAGGCTGCAGAAAGCAGCTGGCGCAGATCAAAGAGATG 

GTGGAGTTGCCGCTGAGACATCCCAGTCTGTTCAAGGCGATCGGCGTGAAGCCG 

CCACGAGGCATCCTGCTGTACGGACCACCGGGAACCGGAAAGACGTTGATAGCG 

CGCGCCGTCGCCAACGAAACGGGCGCCTTCTTCTTCCTCATCAACGGACCCGAG 

ATTATGAGCAAATTGGCCGGCGAGTCGGAGAGTAACCTGCGCAAAGCTTTCGAG 

GAAGCGGACAAAAACGCACCGGCCATCATCTTCATCGATGAGCTGGACGCAATC 

GCGCCAAAACGCGAGAAGACGCACGGCGAGGTGGAGCGACGCATCGTGTCGCA 

GCTGCTGACGCTGATGGACGGTCTCAAGCAGAGCTCGCACGTGATTGTCATGGC 
CGCCACCAATCGGCCCAACTCGATCGATG CCG CGCTTAnncnCTTTnnrr 


SEQ ID NO: 1647 

GACGCCAGTATCAGAAGACATGCTTGGTCGTGTATTCAACGGAAGTGGTAAGCCC 

ATCGACAAAGGACCTCCCATTCTTGCTGAGGATTATCTCGACATTCAAGGTCAACC 

CATCAATCCTTGGTCGCGTATCTATCCCGAGGAAATGATCCAGACTGGAATTTCA 

GCCATCGACGTCATGAACTCGATTGCTCGTGGCCAGAAAATCCCCATCTTTTCAG 

CTG CCGG TCTACCTC ACAACG AAATTG CTG CTC AAATCTG TAG ACAG G CTG G TCT 

TGTCAAACTGCCAGGAAAGTCAGTTCTCGATGACTCTGAGGACAACTTTGCTATTG 

TATTCGCAGCCATGGGAGTCAACATGGAAACTGCTCGATTCTTCAAACAGGATTTC 

GAGGAGAACGGCTCTATGGAGAACGTGTGCCTGTTCTTGAACCTGGCGAACGAC 

CCGACGATCGAGCGTATCATCACACCACGCCTGGCGCTGACGGCCGCCGAGTTC 

CTGGCCTACCAGTGCGAGAAGCACGTGCTCGTCATCCTCACCGACATGAGCTCC 

TACGCCGAGGCGCTGCGAGAGGTGTCCGCCGCCCGCGAGGAGGTGCCCGGCC 

GTCGTGGTTTCCCCGGTTACATGTACACCGATCTGGCCACCATCTACGAGCGCGC 

CGGACGAGTCGAGGGTCGCAACGGCTCCATC 


SEQ ID NO: 1652 


CACTATAGGGAGC 
GCGACTCTAATCT 
CGG 


SEQ ID NO: 1644 

GGCCAAAGCGCCT 
AAGCGC 

SEQ ID NO: 1646 

GCGTAATACGACT 
CACTATAGGGGCC 
AAAGCGCCTAAGC 
GC 


SEQ ID NO: 1649 

GATGGAGCCGTTG 
CGACC 

SEQ ID NO: 1651 

GCGTAATACGACT 

CACTATAGGGATG 

GAGCCGTTGCGAC 

C 


SEQ ID NO: 1654 


CATTGAGCAAGAAGC 
CAATGAG 


SEQ ID NO: 1643 

GCGTAATACGACTCA 
CTATAGGCTGCGAGT 
GCGCTTGTCCG 

SEQ ID NO: 1645 

CTGCGAGTGCGCTTG 
TCCG 


SEQ ID NO: 1648 

GCGTAATACGACTCA 
CTAT AG G G ACG CC AG 
TATCAGAAGACATGC 

SEQ ID NO: 1650 

GACGCCAGTATCAGA 
AGACATGC 


SEQ ID NO: 1653 
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GCAAATGCCTGTGCCACGCCCACAAATAGAAAGCACACAACAGTTTATTCGATCC 

GAGAAAACAACATACTCGAATGGATTCACCACCATTGAGGAGGACTTCAAAGTAG 

ACACTTTCGAATACCGTCTTCTGCGCGAGGTGTCGTTCCGCGAATCTCTGATCAG 

AAACTACTTGCACGAGGCGGACATGCAGATGTCGACGGTGGTGGACCGAGCATT 

GGGTCCCCCCTCGGCGCCACACATCCAGCAGAAGCCGCGCAACTCAAAAATCCA 

GGAGGGCGGCGATGCCGTCTTTTCCATCAAGCTCAGCGCCAACCCCAAGCCTCG 

GCTGGTCTGGTTCAAGAACGGTCAGCGCATCGGTCAGACGCAGAAACACCAGGC 

CTCCTACTCCAATCAGACCGCCACGCTCAAGGTCAACAAAGTCAGCGCTCAAGAC 

TCCGGCCACTACACGCTGCTTGCTGAAAATCCGCAAGGATGTACTGTGTCCTCAG 

CTTACCTAGCTGTCGAATCAGCTGGCACTCAAGATACAGGATACAGTGAGCAATA 

CAGCAGACAAGAGGTGGAGACGACAGAGGCGGTGGACAGCAGCAAGATGCTGG 

CACCGAACTTTGTTCGCGTGCCGGCCGATCGCGACGCGAGCGAAGGCAAGATGA 

CGCGGTTTGACTGCCGCGTGACGGGCCGACCCTACCCGGACGTGGCCTGGTTC 

ATCAACGGCCAACAGGTGGCTGACGACGCCACGCACAAGATCCTCGTCAACGAG 

TCTGGCAACCACTCGCTCATGATCACCGGCGTCACTCGCTTGGACCACGGAGTG 

GTCGGCTGTATTGC 


SEQ ID NO: 1657 

GCTTCAGATTTGGGACACGGCCGGCCAGGAGCGGTTCCGCACGATCACATCGAG 
CTACTACCGGGGCGCCCACGGCATCATTGTGGTGTACGACTGCACCGACCAGGA 
GTCGTTCAACAACCTCAAACAGTGGCTCGAGGAGATTGACCGCTACGCCTGTGAT 
AATGTCAACAAACTGCTCGTCGGCAACAAGTGTGATCAGACCAACAAAAAGGTCG 
TCGACTATACACAGGCTAAGGAATACGCCGACCAGCTGGGCATTCCGTTCCTGGA 
GACGTCGGCGAAGAACGCGACCAATGTGGAGCAGGCGTTC 


SEQ ID NO: 1662 

CGTCAGTCTCAATTCTGTCACCGATATCAGCACCACGTTCATTCTCAAGCCACAAG 
AGAACGTGAAGATAACGCTTGAGGGCGCACAGGCCTGTTTCATTTCACACGAACG 
ACTTGTGATCTCACTGAAGGGAGGAGAACTCTATGTTCTAACTCTCTATTCCGATA 
GTATGCGCAGTGTGAGGAGTTTTCATCTGGAGAAAGCTGCTGCCAGTGTCTTGAC 
TACTTGTATCTGTGTTTGTGAGGAGAACTATCTGTTCCTTGGTTCCCGTCTTGGAA 
ACTCACTGTTGCTCAGGTTTACTGAGAAGGAATTGAACCTGATTGAGCCGAGGGC 
CATCGAAAGCTCACAGTCCCAGAATCCGGCCAAGAAGAAAAAGCTGGATACTTTG 
GGAGATTGGATGGCATCTGACGTCACTGAAATACGCGACCTGGATGAACTAGAAG 


GCAATACAGCCGA 
CCACTCCG 

SEQ ID NO: 1656 

GCGTAATACGACT 
CACTATAGGGCAA 
TACAGCCGACCAC 
TCCG 


SEQ ID NO: 1659 

GAACGCCTGCTCC 
ACATTGG 

SEQ ID NO: 1661 

GCGTAATACGACT 

CACTATAGGGAAC 

GCCTGCTCCACAT 

TGG 


SEQ ID NO: 1664 

CTTCTAGTTCATCC 
AGGTCGCG 

SEQ ID NO: 1666 

GCGTAATACGACT 
CACTATAGGCTTCT 
AGTTCATCCAGGT 
CGCG 


GCGTAATACGACTCA 
CTATAGGGCAAATGC 
CTGTGCCACGC 

SEQ ID NO: 1655 

GCAAATGCCTGTGCC 
ACGC 


SEQ ID NO: 1658 

GCGTAATACGACTCA 
CTATAGGGCTTCAGA 
TTTGGGACACGGC 

SEQ ID NO: 1660 

GCTTCAGATTTGGGA 
CACGGC 


SEQ ID NO: 1663 

GCGTAATACGACTCA 
CTATAGGCGTCAGTC 
TCAATTCTGTCACCG 

SEQ ID NO: 1665 

CGTCAGTCTCAATTCT 
GTCACCG 
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SEQIDNO: 1667 

CTCACGAGAGGACGTTGCACACTGATATACTGTTCGGTTTGGTGAAAGATGTCGC 

CCGATTCAGACCTGACTTGAAGCTGCTCATATCAAGCGCCACACTGGATGCTCAG 

AAATTCTCCGAGTTTTTCGACGATGCACCCATCTTCAGGATTCCGGGCCGTAGATT 

TCCGGTGGACATCTACTACACAAAGGCGCCCGAGGCTGACTACGTGGACGCATG 

TGTCGTTTCGATCCTGCAGATCCACGCCACTCAGCCGCTGGGAGACATCCTGGTC 

TTCCTCACCGGTCAGGAGGAGATCGAAACCTGCCAGGAGCTGCTGCAGGACAGA 

GTGCGCAGGCTTGGGTCTCGTATCAAGGAGCTGCTCATATTGCCCGTCTATTCCA 

ACCTACCCAGTGATATGCAGGCAAAGATTTTCCTGCCCACTCCACCAAATGCTAG 

AAAGGTAGTATTGGCCACAAATATTGCAGAAACCTCATTGACCATCGACAATATAA 

TCTACGTGATTGATCCTGGTTTTTGTAAGCAGAATAACTTCAATTCAAGGACTGGA 

ATGGAATCGCTTGTTGTAGTGCCTGTTTCAAAGGCATCGGCCAATCAGCGAGCAG 

GGCGGGCGGGACGGGTGGCGGCCGGCAAGTGCTTCnr5TP.Tr! 


SEQ ID NO: 1672 

GTCCTCGGACGGGAGGTCCACGTGTTTACCGGGATTCCGTTTGCGAAACCTCCC 

ATCGGTCCGTTGCGATTCCGTAAACCGGTTCCCGTCGACCCGTGGCACGGCGTT 

CTGGATGCGACCGCGCTTCCCAACAGCTGCTACCAGGAACGGTACGAGTATTTC 

CCGGGCTTCGAGGGAGAGGAAATGTGGAATCCGAATACGAATTTGTCCGAAGATT 

GTCTGTATTTGAACATATGGGTGCCGCACCGGTTGAGAATCCGACACAGAGCCAA 

CAGCGAGGAGAATAAACCAAGAGCGAAGGTGCCGGTGCTGATCTGGATCTACGG 

CGGGGGTTACATGAGCGGCACAGCTACACTGGACGTGTACGATGCTGACATGGT 

GGCCGCCACGAGTGACGTCATCGTCGCCTCCATGCAGTACCGAGTGGGTGCGTT 

CGGCTTCCTCTACCTCGCACAGGACTTGCCTCGAGGCAGCGAGGAGGCGCCGG 

GCAACATGGGGCTCTGGGACCAGGCCCTTGCCATCCGCTGGCTCAAGGACAACA 
TTGC 


SEQIDNO: 1677 

AGAAGACGGCACGGTGCGTATTTGGCACTCGGGCACCTACAGGCTGGAGTCCTC 

GCTGAATTATGGCCTCGAAAGAGTGTGGACCATTTGCTGCATGCGAGGATCCAAC 

AATGTGGCTCTTGGCTACGACGAAGGCAGCATAATGGTGAAGGTGGGTCGGGAG 

GAGCCGGCCATCTCGATGGATGTGAACGGTGAGAAGATTGTGTGGGCGCGCCAC 

TCGGAGATACAACAGGTCAACCTCAAGGCCATGCCGGAGGGCGTCGAAATCAAA 

GATGGCGAACGACTGCCGGTCGCCGTTAAGGATATGGGCAGCTGTGAAATATAT 

CCGCAGACCATCGCTCATAATCCCAACGGCAGATTCCTAGTCGTTTGTGGAGATG 

GAGAGTACATAATTCACACATCAATGGTGCTAAGAAATAAGGCGTTTGGCTCGGC 

CCAAGAGTTCATTTGGGGACAGGACTCGTCCGAGTATGCTATCAGAGAAGGAACA 

TCC ACTG TCAAAG TATTC AAAAACTTCAAAG AAAAG AAAT CATTCAAGCCAG AATTT 


SEQ ID NO: 1669 

CAGACGGAAGCAC 
TTGCCG 

SEQ ID NO: 1671 

GCGTAATACGACT 
CACTATAGGCAGA 
CG G AAG CACTTH C. 
CG 


SEQ ID NO: 1674 

GCAATGTTGTCCTT 
GAGCCAGC 

SEQ ID NO: 1676 

GCGTAATACGACT 
CACTATAGGGCAA 
TGTTGTCCTTGAG 
CCAGC 


SEQ ID NO: 1679 

CAATCCAGTTTTTA 

CAGTTTCGTGC 

SEQIDNO: 1681 

GCGTAATACGACT 
CACTATAGGCAAT 
CCAGTTTTTACAGT 
TTCGTGC 


SEQ ID NO: 1668 

GCGTAATACGACTCA 
CTATAGGCTCACGAG 
AGGACGTTGCACAC 

SEQ ID NO: 1670 

CTCACGAGAGGACGT 
TGCACAC 


SEQ ID NO: 1673 
GCGTAATACGACTCA 
CTATAGGGTCCTCGG 
ACGGGAGGTCC 

SEQ ID NO: 1675 

GTCCTCGGACGGGAG 
GTCC 


SEQ ID NO: 1678 

GCGTAATACGACTCA 
CTATAGGAGAAGACG 
GCACGGTGCG 

SEQIDNO: 1680 

AGAAGACGGCACGGT 
GCG 
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Q 



0) 
CO 

i 






























n 




























































average weight 


0.1281 


0.1266 


0.0068 


0.0091 


0.0285 


0.0115 


in 
o 
o" 


0.1304 


0.1407 


0.0178 


0.0191 


0.0104 


0.0083 


o 

CM 

o 
d 


total weight 


1.0245 


1.0124 


0.0273 


0.0091 


0.7113 


0.1379 


0.1808 


1.0435 


1.1258 


0.5879 


0.8034 


0.3441 


0.1738 


0.3628 


to 
k_ 

o 
> 






























of surv 


* 

CO 


* 

oo 






in 

CM 


CM 


CM 


* 

oo 


• 

CO 


CO 
CO 


CM 
^" 


CO 
CO 


r~ 
CM 


co 

CO 


no. 






























treatment 


diet only 


cn 

CN 

Z 

a 

CL 


pGBNJ003 clone 1 


pGBNJ003 clone 2 


PGBNJ003 clone 3 


pGBNJ003 clone 4 


pGBNJ003 clone 5 


diet only 


a> 

CM 

z 
o 

Ol 


PGBNJ003 clone 1 


PGBNJ003 clone 2 


pGBNJ003 clone 3 


Q) 

C 

o 
u 

CO 

o 
o 

—» 

z 

CD 

o 

CL 


pGBNJ003 clone 5 


bacterial host 
strain 




AB309-105 




BL21(DE3) 


bioassay 







o 

T- 

5 

CO 
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Tables 10-NL (a) 



RNAi 


Mean % survival (days post start) 


Survival 
anaJv^i^ 


0 


1 


2 


3 


4 


5 


6 


7 


8 


gfp 


100 


98 


90 


82 


68 


60 


44 


32 


20 




diet only 


100 


98 


96 


86 


74 


68 


58 


54 


38 




NL002 


100 


98 


90 


76 


68 


34 


6 


0 


0 




NL003 


100 


98 


74 


48 


36 


22 


12 


2 


0 


+ 


NL005 


100 


100 


74 


56 


40 


20 


16 


6 


4 


+ 


NL010 


100 


96 


74 


56 


48 


30 


18 


12 


6 


+ 





Chi squared 


P value 


Sig.DiV 


diet versus: 








NL002 


29.06 


<0.0001 


Yes 


NL003 


39.59 


<0.0001 


Yes 


NL005 


29.55 


<0.0001 


Yes 


NL010 


21.04 


<0.0001 


Yes 


gfp dsRNA versus: 








NL002 


15.09 


0.0001 


Yes 


NL003 


22.87 


<0.0001 


Yes 


I NL005 


15.12 


<0.0001 


Yes 


NL010 


8.838 


0.0029 


Yes 


diet versus gfp dsRNA 


4.030 


0.0447 (-0.05) 


No 



Tables 10-NL (b) 



RNAi 


Mean % survival (days post start) 


Survival 
analysis 1 


0 


1 


2 


3 


4 


5 


6 


7 


8 


gfp 


100 


96 


84 


82 


76 


70 


54 


50 


44 




diet only 


100 


96 


88 


82 


76 


70 


54 


50 


44 




NL009 


100 


94 


75 


63 


42 


30 


24 


22 


14 


+ 


NL016 


100 


94 ; 


84 


78 


54 


44 


36 


18 


14 





; Data were analysed using Kaplan-Meier survival curve analysis 





Chi squared 


P value 


Sig. Dif. & 


diet versus: 








NL009 


11.98 


0.0005 


Yes 


NL016 


8.98 


0.0027 


Yes 










gfp dsRNA versus: 








NL009 


13.69 


0.0002 


Yes 


NL016 


11.37 


0.0007 


Yes 










diet versus gfp dsRNA 


0.03317 


0.8555 


No 
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Tables 10-NL(c) 



RNAi 


Mean % survival (days post start) 


Survival 
analysis 1 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9fp 


100 


92 


84 


78 


72 


62 


58 


56 


48 




diet only 


100 


84 


72 


68 


64 


58 


52 


42 


42 




NL014 


100 


86 


68 


60 


46 


32 


24 


18 


14 


+ 


NL018 


100 


82 


70 


54 


40 


30 


18 


14 


12 


+ 





Chi squared 


P value 


Sig. Dif. c 


diet versus: 








NL014 


8.088 


0.0045 


Yes 


NL018 


10.47 


0.0012 


Yes 










gfp dsRNA versus: 








NL014 


14.55 


0.0001 


Yes 


NL018 


17.64 


<0.0001 


Yes 










diet versus gfp dsRNA 


0.6548 


0.4184 


No 



Tables 10-NL(d) 



RNAi 




Mean % survival (days post start) 


Survival 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


analysis 1 


gfp 


100 


96 


84 


84 


72 


68 


68 


66 


66 


62 




diet only 


100 


96 


86 


82 


74 


72 


70 


70 


66 


58 




NL013 


100 


94 


82 


68 


50 


40 


30 


28 


20 


20 


+ 


NL015 


100 


100 




30 


18 


12 


8 


6 


6 


6 


+ 


NL021 


100 


100 


84 


58 


50 


44 


40 


34 


34 


22 


+ 





Chi squared 


P value 


Sig. Dif/ 


diet versus: 








NL013 


15.73 


<0.0001 


Yes 


NL015 


39.44 


<0.0001 


Yes 


NL021 


12.75 


0,0004 


Yes 










gfp dsRNA versus: 








NL013 


16.42 


<0.0001 


Yes 


NL015 


39.15 


<0.0001 


Yes 


NL021 


14.1 


0,0002 


Yes 










diet versus gfp dsRNA 


0.1031 


0,7481 


No 
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Table 11-NL 



NL002 RNAi 


Mean % survival (days post start) 


Survival 
analysis 1 


0 


1 


2 


3 


4 


5 


6 


7 


diet only 


100 


100 


96 


90 


86 


78 


78 


78 




1 ug/ul 


100 


84 


80 


44 


26 


8 


6 


6 


+ 


0.2 ug/pl 


100 


84 


60 


12 


8 


4 


2 


2 


+ 


0.08 ug/ul 


100 


84 


62 


18 


14 


6 


6 


6 


+ 


0.04 ug/ul 


100 


84 


48 


24 


22 


22 


22 


22 


+ 



1 = Data were analysed using Kaplan-Meier survival curve analysis 





Chi squared 


P value 


Sig. Dif/ 


diet versus: 








NL002 1 ug/ul 


57.53 


<0.0001 


Yes 


NL002 0.2 ug/pl 


74.54 


<0.0001 


Yes 


NL002 0.08 ug/ul 


64 


<0.0001 


Yes 


NL002 0.04 ug/ul 


39.49 


<0.0001 


Yes 



2 alpha < 0.05 
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Claims 

1. An isolated nucleotide sequence comprising a nucleic acid sequence selected from the 
group comprising: 

(i) sequences represented by any of SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 
49 to 158, 159, 160-163, 168, 173, 178, 183, 188, 193, 198, 203, 208, 215, 220, 225, 230, 240 to 
247, 249, 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483, 488, 493, 498, 503, 508 to 513, 515, 
517, 519, 521, 533 to 575, 576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 
778, 783, 788, 793, 795, 797, 799, 801, 813 to 862, 863, 868, 873, 878, 883, 888, 890. 892, 894, 
896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 1066 to 1071, 1073, 1075, 1077, 1079, 1081, 
1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097. 1099, 1101, 1103, 1105, 1107, 1109, 1111, 
1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597, 1602, 1607, 1612, 1617, 1622, 1627, 
1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672, 1677, 1682, 1684, 1686, 1688, 1690, 
1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 
2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 
2349, 2354. 2359, 2364, 2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 2476, 2481 or 
2486, or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168, 173, 178, 183, 
188, 193, 198, 203, 208, 215, 220, 225, 230, 240 to 247, 249, 251, 253, 255, 257, 259, 275 to 472, 
473, 478, 483, 488, 493, 498, 503, 508 to 513, 515, 517, 519, 521, 533 to 575; 576, 581, 586. 591, 
596, 601, 603, 605. 607, 609, 621 to 767, 768. 773, 778, 783, 788, 793, 795, 797, 799, 801, 813 to 
862. 863. 868, 873, 878, 883, 888, 890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 
1066 to 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089. 1091, 1093, 1095, 1097, 
1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571. 1572, 1577, 1582. 1587. 1592, 
1597, 1602, 1607, 1612. 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 
1672, 1677, 1682, 1684. 1686, 1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702, 1704, 1730 to 
2039, 2040, 2045, 2050. 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090, 2095, 2100, 2102, 
2104, 2106, 2108, 2120 to 2338, 2339. 2344, 2349, 2354, 2359, 2364, 2366, 2368, 2370, 2372. 
2384 to 2460, 2461, 2466, 2471, 2476, 2481 or 2486, or the complement thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160-163, 168, 
173. 178, 183, 188, 193, 198, 203, 208, 215. 220. 225, 230, 240 to 247, 249, 251, 253, 255, 257, 
259, 275 to 472, 473, 478, 483, 488, 493, 498, 503, 508 to 513, 515. 517, 519. 521, 533 to 575, 
576, 581, 586, 591, 596, 601, 603, 605, 607, 609, 621 to 767, 768, 773, 778, 783, 788, 793, 795, 
797, 799, 801, 813 to 862. 863, 868, 873, 878, 883, 888, 890, 892, 894, 896, 908 to 1040, 1041, 
1046, 1051, 1056, 1061, 1066 to 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 
1091, 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 1572, 
1577, 1582, 1587, 1592, 1597, 1602, 1607. 1612, 1617, 1622, 1627, 1632, 1637, 1642, 1647. 
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1652. 1657. 1662, 1667. 1672, 1677, 1682, 1684, 1686, 1688, 1690, 1692, 1694. 1696, 1698, 
1700, 1702, 1704, 1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070. 2075, 2080, 2085, 
2090. 2095, 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354, 2359, 2364, 
2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 2476, 2481 or 2486, or the complement 
thereof, 

or wherein said nucleic acid sequence is an orthoiogue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 49 to 158, 275 to 472, 533 to 575, 621 to 767, 813 to 
862, 908 to 1040, 1161 to 1571, 1730 to 2039. 2120 to 2338, 2384 to 2460, or a complement 
thereof. 

2. A double stranded ribonucleotide sequence produced from the expression of a 
polynucleotide sequence of claims 1, wherein ingestion of said ribonucleotide sequence by a plant 
insect pest inhibits the growth of said insect pest 

3. The ribonucleotide sequence of claim 2, wherein ingestion of said sequence inhibits 
expression of a nucleotide sequence substantially complementary to said sequence. 

4. A composition comprising a ribonucleotide sequence according to claim 2 or 3 and further 
comprising at least one adjuvant and optionally at least one surfactant. 

5. A composition comprising at least one double-stranded RNA, one strand of which has a 
nucleotide sequence which is complementary to at least a part of a nucleotide sequence selected 
from the group of sequences as defined in claim 1, and optionally further comprising at least one 
suitable carrier, excipient or diluent. 

6. A cell transformed with a polynucleotide comprising a nucleic acid sequence as defined in 
claim 1, optionally operably linked to a regulatory sequence. 

7. The cell of claim 6 wherein said cell is a prokaryotic cell, such as a gram-positive or gram- 
negative bacterial cell; or wherein said cell is an eukaryotic cell, such as a yeast cell or an algal 
cell. 

8. The cell of claim 7 wherein said cell is a bacterial cell. 

9. The cell of claim 7 wherein said cell is a yeast cell. 

10. A composition comprising at least one bacterial cell or yeast cell comprising at least one 
polynucleotide as defined in claim 1. 

11. The composition of claim 10 wherein said bacterial or yeast cell is inactivated or killed, for 
instance by heat treatment or mechanical treatment. 

12. A composition comprising at least one bacterial or yeast cell expressing at least one 
double-stranded RNA, one strand of which has a nucleotide sequence which is complementary to 
at least a part of a nucleotide sequence selected from the group of sequences as defined in claim 
1, and optionally further comprising at least one suitable carrier, excipient or diluent. 

13. The composition of any of claims 5, or 10 to 12, said composition further comprising at least 
one pesticidal agent selected from the group consisting of a chemical insecticide, a patatin, a 
Bacillus thuhngiensis insecticidal protein, a Xenorhabdus insecticidal protein, a Phoiorhabdus 
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insecticidal protein, a Bacillus laterosporous insecticidal protein, and a Bacillus sphearicus 
insecticidal protein, said pesticidal agent being active against the same plant insect pest as defined 
in claim 2. or wherein said pesticidal agent is active against one or more other plant insect pests. 

14. The composition of any of claims 10 to 12, wherein said at least one bacterial or yeast cell 
further comprises or further expresses at least one pesticidal agent selected from the group 
consisting of a chemical insecticide, a patatin, a Bacillus thuringiensis insecticidal protein, a 
Xenorhabdus insecticidal protein, a Photorhabdus insecticidal protein, a Bacillus laterosporous 
insecticidal protein, and a Bacillus sphearicus insecticidal protein, said pesticidal agent being active 
against the same plant insect pest as defined in claim 2, or wherein said pesticidal agent is active 
against one or more other plant insect pests. 

15. A composition of any of claims 5, or 10 to 12, further comprising at least one further bacterial or 
yeast cell comprising or expressing at least one pesticidal agent selected from the group consisting 
of a chemical insecticide, a patatin, a Bacillus thuringiensis insecticidal protein, a Xenorhabdus 
insecticidal protein, a Photorhabdus insecticidal protein, a Bacillus laterosporous insecticidal 
protein, and a Bacillus sphearicus insecticidal protein, said pesticidal agent being active against the 
same plant insect pest as defined in claim 2, or wherein said pesticidal agent is active against one 
or more distinct plant insect pests. 

16. The composition of any of claims 13 to 15 wherein said Bacillus thuringiensis insecticidal 
protein is selected from the group consisting of a Cry1, a Cry3, a TIC851, a CryET170, a Cry22, a 
binary insecticidal protein CryET33 and CryET34, a binary insecticidal protein CryET80 and 
CryET76, a binary insecticidal protein TIC100 and TIC101, and a binary insecticidal protein 
PS149B1. 

17. The composition of any of claims 13 to 16 as an agent for killing insects. 

18. The composition of any of claims 13 to 16 for use as a medicament for preventing or 
treating a human or animal body from infestation by insects. 

19. A spray comprising at least one composition according to any of claims 10 to 18 and 
optionally further comprising at least one adjuvant and at least one surfactant. 

20. A housing or trap or bait for a pest containing a composition as defined in any of claims 10 
to 18. 

21. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
comprising Leptinotarsa spp. (e.g. L decemlineata (Colorado potato beetle), L juncta (false potato 
beetle), and L texana (Texan false potato beetle)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 
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(i) sequences represented by any of SEQ ID NOs 1, 3, 5, 7, 9, 11 , 13, 15, 17, 19, 21, 23, 
49 to 158, 159, 160 to 163, 168, 173, 178, 183, 188, 193, 198, 203, 208, 215, 220, 225, 230, 240 to 
246, or 2486, or the complement thereof, 

(Ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%. 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 1, 3, 5. 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160 to 163. 168, 173, 178, 
183, 188, 193, 198, 203. 208. 215, 220, 225. 230, 240 to 246, or 2486, or the complement thereof, 
and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 49 to 158, 159, 160 to 163, 
168, 173, 178, 183, 188. 193, 198, 203, 208. 215, 220, 225, 230, 240 to 246, or 2486, or the 
complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least T7 
contiguous nucleotides of any of SEQ ID NOs 49 to 158, or the complement thereof. 
22. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
Phaedon spp. (e.g. P. cochleariae (mustard leaf beetle)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 

(i) sequences represented by any of SEQ ID NOs 247, 249, 251, 253, 255, 257, 259, 275 
to 472, 473, 478, 483. 488, 493, 498, 503, 508 to 512, or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% Identical to a sequence represented by any of 
SEQ ID NOs 247, 249, 251, 253, 255, 257, 259, 275 to 472, 473, 478, 483, 488, 493, 498, 503. 
508 to 512, or the complement thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 247, 249, 251, 253, 255, 257, 259. 275 to 472, 473, 478, 483, 488, 
493. 498, 503, 508 to 512, or the complement thereof. 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 275 to 472, or the complement thereof. 

23. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
Epilachna spp. (e.g. E. varivetis (mexican bean beetle)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide. 



WO 2007/080127 



PCT/EP2007/000287 



293 

said polynucleotide having a nucleotide sequence selected from the group comprising: 
(i) sequences represented by any of SEQ ID NOs 513, 515, 517, 519, 521, 533 to 575, 
576, 581 , 586, 591 or 596, or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 513, 515, 517, 519, 521, 533 to 575, 576, 581, 586, 591 or 596, or the complement 
thereof, and 

(iii) sequences comprising at least 1 7 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs513. 515, 517, 519, 521, 533 to 575, 576, 581, 586, 591 or 596, or the 
complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 533 to 575, or the complement thereof. 

24. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
Anthonomus spp. (e.g. A. grandis (boll weevil)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 
(i) sequences represented by any of SEQ ID NOs. 601, 603, 605, 607, 609, 621 to 767, 
768, 773, 778, 783 or 788, or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%, 80%. 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 601, 603. 605, 607, 609, 621 to 767, 768, 773. 778. 783 or 788, or the complement 
thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 601 . 603, 605, 607. 609, 621 to 767, 768, 773, 778, 783 or 788, or the 
complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 621 to 767, or the complement thereof. 

25. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
Tribolium spp. (e.g. T. castaneum (red floor beetle)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 
(i) sequences represented by any of SEQ ID NOs 793, 795, 797, 799, 801, 813 to 862, 
863, 868. 873, 878 or 883, or the complement thereof, 
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(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 793, 795. 797, 799, 801 , 813 to 862, 863, 868, 873, 878 or 883. or the complement 
thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 793, 795, 797, 799, 801, 813 to 862, 863, 868, 873, 878 or 883, or the 
complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 813 to 862, or the complement thereof. 

26. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising Myzus 
spp. (e.g. M. persicae (green peach aphid)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 

(i) sequences represented by any of SEQ ID NOs 888. 890, 892, 894, 896, 908 to 1040, 
1041, 1046, 1051, 1056, 1061, or 1066 to 1070, or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%. 80%, 85%. 90%. more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 888, 890, 892, 894, 896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, or 1066 to 
1070, or the complement thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 888, 890, 892, 894. 896, 908 to 1040, 1041, 1046, 1051, 1056, 1061, 
or 1066 to 1070, or the complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 1 7 
contiguous nucleotides of any of SEQ ID NOs 908 to 1040, or the complement thereof. 

27. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
comprising Nilaparvata spp. (e.g. N. iugens (brown planthopper)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 
(i) sequences represented by any of SEQ ID NOs 1071, 1073, 1075, 1077, 1079, 1081, 
1083, 1085, 1087, 1089, 1091, 1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 
1113, 1161 to 1571, 1572, 1577, 1582, 1587, 1592, 1597. 1602. 1607, 1612, 1617, 1622, 1627, 
1632, 1637, 1642, 1647, 1652, 1657, 1662, 1667, 1672 or 1677, or the complement thereof. 
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(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 1071, 1073, 1075, 1077, 1079. 1081, 1083, 1085, 1087, 1089, 1091, 1093. 1095, 
1097, 1099. 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 1572, 1577, 1582, 1587, 
1592, 1597, 1602, 1607, 1612, 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652, 1657, 1662, 
1667, 1672 or 1677, or the complement thereof, and 

(Hi) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 1071, 1073, 1075, 1077, 1079, 1081, 1083, 1085, 1087, 1089, 1091, 
1093, 1095, 1097, 1099, 1101, 1103, 1105, 1107, 1109, 1111, 1113, 1161 to 1571, 1572, 1577, 
1582, 1587, 1592, 1597. 1602. 1607. 1612. 1617, 1622, 1627, 1632, 1637, 1642, 1647, 1652, 
1657, 1662, 1667, 1672 or 1677, or the complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 1161 to 1571, or the complement thereof. 

28. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising Chilo 
spp. (e.g. C. suppressalis (rice striped stem borer), C. auricilius (gold-fringed stem borer), or C. 
pofychrysus (dark- headed stem borer)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 
(i) sequences represented by any of SEQ ID NOs 1682, 1684, 1686, 1688, 1690, 1692, 
1694. 1696, 1698, 1700, 1702, 1704, 1730 to 2039, 2040. 2045, 2050, 2055, 2060. 2065. 2070, 
2075, 2080, 2085, 2090 or 2095, or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 1682, 1684, 1686, 1688, 1690. 1692, 1694, 1696, 1698. 1700, 1702, 1704, 1730 to 
2039, 2040. 2045. 2050, 2055. 2060, 2065, 2070, 2075, 2080, 2085, 2090 or 2095, or the 
complement thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 1682, 1684, 1686, 1688, 1690, 1692, 1694, 1696, 1698, 1700, 1702. 
1704, 1730 to 2039, 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 2080, 2085, 2090 or 2095, 
or the complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 1730 to 2039, or the complement thereof. 

29. Use of a composition of any of claims 10 to 18, a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
Plutella spp. (e.g. P. xylostella (diamontback moth)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 
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- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 
(i) sequences represented by any of SEQ ID NOs 2100, 2102, 2104, 2106, 2108, 2120 to 
2338, 2339, 2344, 2349, 2354 or 2359, or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 2100, 2102, 2104, 2106, 2108. 2120 to 2338. 2339. 2344, 2349, 2354 or 2359, or the 
complement thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 2100, 2102, 2104, 2106, 2108, 2120 to 2338, 2339, 2344, 2349, 2354 
or 2359, or the complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 2120 to 2338, or the complement thereof. 

30. Use of a composition of any of claims 10 to 18. a spray of claim 19 or a housing, trap or 
bait of claim 20 for killing or inhibiting growth of an insect chosen from the group comprising 
comprising Acheta spp. (e.g. A. domesticus (house cricket)), and 

- wherein said nucleic acid in said composition comprises a polynucleotide, or 

- wherein a bacterium or a yeast cell in said composition comprises or expresses a 
polynucleotide, 

said polynucleotide having a nucleotide sequence selected from the group comprising: 

(i) sequences represented by any of SEQ ID NOs 2364, 2366, 2368, 2370, 2372, 2384 to 
2460, 2461 . 2466. 2471 , 2476 or 2481 , or the complement thereof, 

(ii) sequences which are at least 70 %, preferably at least 75%, 80%, 85%, 90%, more 
preferably at least 95%, 96%, 97%, 98% or 99% identical to a sequence represented by any of 
SEQ ID NOs 2364, 2366, 2368, 2370, 2372, 2384 to 2460, 2461 . 2466, 2471. 2476 or 2481 , or the 
complement thereof, and 

(iii) sequences comprising at least 17 contiguous nucleotides of any of the sequences 
represented by SEQ ID NOs 2364, 2366, 2368, 2370, 2372, 2384 to 2460, 2461, 2466, 2471, 2476 
or 2481, or the complement thereof, 

or wherein said nucleic acid sequence is an orthologue of a gene comprising at least 17 
contiguous nucleotides of any of SEQ ID NOs 2384 to 2460, or the complement thereof. 

31. Use of a composition of any of claims 10 to 18, a spray of claim 19, or a housing, trap or 
bait of claim 20 in a pharmaceutical or veterinary application. 

32. A method for preventing insect growth on a plant or for preventing insect infestation of a 
plant comprising applying a composition of any of claims 10 to 18 or a spray of claim 19 to said 
plant. 
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33. A method for improving yield, comprising applying to a plant an effective amount of a 
composition of any of claims 10 to 18 or a spray of claim 19. 

34. The method of claim 32 or 33 wherein said plant is chosen from the group comprising 
alfalfa, apple, apricot, artichoke, asparagus, avocado, banana, barley, beans, beet, blackberry, 
blueberry, broccoli, brussel sprouts, cabbage, canola, carrot, cassava, cauliflower, a cereal, celery, 
cherry, citrus, clemintine, coffee, corn, cotton, cucumber, eggplant, endive, eucalyptus, figes, 
grape, grapefruit, groundnuts, ground cherry, kiwifruit, lettuce, leek, lemon, lime, pine, maize, 
mango, melon, millet, mushroom, nut aot, okra. onion, orange, an ornamental plant or flower or 
tree, papaya,, parsley, pea, peach, peanut, peat, pepper, persimmon, pineapple, plantain, plum, 
pomegranate, potato, pumpkin, radicchio. radish, rapeseed, raspberry, rice, rye, sorghum, soy, 
soybean, spinach, strawberry, sugarbeet, sugargcane, sunflower, sweet poatao, tangerine, tea, 
tobacco, tomato, a vine, waetermelon, wheat, yams and zucchini. 

34. The method according to any of claims 32 to 34 wherein said insect is selected from the group 
comprising Leptinotarsa spp. (e.g. L decemlineata (Colorado potato beetle), L juncta (false potato 
beetle), or L texana (Texan false potato beetle)); Lema spp. (e.g. L. trilineata (three-lined potato 
beetle)); Epitrix spp. (e.g. £. cucumeris (potato flea beetle), E. hirtipennis (flea beetle), or £ tuberis 
(tuber flea beetle)); Epicauta spp. (e.g. E. vittata (striped blister beetle)); Epilachna spp. (e.g. E. 
vahvetis (mexican bean beetle)); Phaedon spp. (e.g. P. cochleariae (mustard leaf beetle)); 
Nilaparvata spp. (e.g. N. iugens (brown planthopper)); Laodelphax spp, (e.g. L striatellus (small 
brown planthopper)); Nephotettix spp. (e.g. N. virescens or N. cincticeps (green leafhopper), or 
N.nigropictus (rice leafhopper)); Sogatella spp. (e.g. S. furcifera (white-backed planthopper)); 
Acheta spp. (e.g. A. domesticus (house cricket)); Btissus spp. (e.g. B. leucopterus leucopterus 
(chinch bug)); Scotinophora spp. (e.g. S. vermidutate (rice blackbug)); Acrosternum spp. (e.g. A. 
hilare (green stink bug)); Parnara spp. (e.g. P. guttata (rice skipper)); Chiio spp. (e.g. C. 
suppressatis (rice striped stem borer), C. auricilius (gold-fringed stem borer), or C. pofychrysus 
(dark-headed stem borer)); Chilotraea spp. (e.g. C. polychrysa (rice stalk borer)); Sesamia spp. 
(e.g. S. inferens (pink rice borer)); Tryporyza spp. (e.g. T. innotata (white rice borer), or T. 
incertulas (yellow rice borer)); Cnaphalocrocis spp. (e.g. C. medinalis (rice leafroller)); Agromyza 
spp. (e.g. A. oryzae (leaf miner), or A. parvicornis (corn blot leafminer)); Diatraea spp. (e.g. 0. 
saccharalis (sugarcane borer), or D. grandioseIJa (southwestern com borer)); Narnaga spp. (e.g. N. 
aenescens (green rice caterpillar)); Xanthodes spp. (e.g. X. transversa (green caterpillar)); 
Spodoptera spp. (e.g. S. frugiperda (fall armyworm), S. exigua (beet armyworm), S. littoralis 
(climbing cutworm), or S. praefica (western yellowstriped armyworm)); Mythimna spp. (e.g. 
Mythmna (PseudaJetia) seperata (armyworm)); Helicoverpa spp. (e.g. H. zea {com earworm)); 
Cotaspis spp. (e.g. C. brunnea (grape colaspis)); Lissorhoptrus spp. (e.g. L oryzophiius (rice water 
weevil)); Echinocnemus spp. (e.g. E. squamos (rice plant weevil)); Diclodispa spp. (e.g. D. 
armigera (rice hispa)); Oulema spp. (e.g. O. oryzae (leaf beetle); Sitophilus spp. (e.g. S. oryzae 
(rice weevil)); Pachydiplosis spp. (e.g. P. oryzae (rice gall midge)); Hydrettia spp. (e.g. H. griseola 
(small rice leafminer), or H. sasakii (rice stem maggot)); Chtorops spp. (e.g. C. oryzae (stem 
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maggot)): Diabrotica spp. (e.g. D. virgifera virgifera (western corn rootworm), D. barberi (northern 
corn rootworm), D. undecimpunctata howardi (southern corn rootworm), D. virgifera zeae (Mexican 
corn rootworm); D. balteata (banded cucumber beetle)); Ostrinia spp. (e.g. O. nubilalis (European 
corn borer)); Agrotis spp. (e.g. A.ipsilon (black cutworm)); Elasmopatpus spp. (e.g. E. lignosellus 
(lesser cornstalk borer)); Melanotus spp. (wireworms); Cyclocephala spp. (e.g. C. borealis 
(northern masked chafer), or C. immaculata (southern masked chafer)); Popillia spp. (e.g. P. 
japonica (Japanese beetle)); Chaetocnema spp. (e.g. C. pulicaria (corn flea beetle)); 
Sphenophorus spp. (e.g. S. maidis (maize billbug)); Rhopaiosiphum spp. (e.g. R. maidis (com leaf 
aphid)); Anuraphis spp. (e.g. A. maidiradicis (corn root aphid)); Melanoplus spp. (e.g. M. 
femurrubrum (redlegged grasshopper) M. differentiaiis (differential grasshopper) or M. sanguinipes 
(migratory grasshopper)); Hylemya spp. (e.g. H. pfatura (seedcorn maggot)); Anaphothrips spp. 
(e.g. A. obscrurus (grass thrips)); Solenopsis spp. (e.g. S. milesta (thief ant)); or spp. (e.g. T. 
urticae (twospotted spider mite), 7*. cinnabarinus (carmine spider mite); Helicoverpa spp. (e.g. H. 
zea (cotton bollworm), or H. armigera (American bollworm)); Pectinophora spp. (e.g. P. gossypiella 
(pink bollworm)); Earias spp. (e.g. E. vittella (spotted bollworm)); Heliothis spp. (e.g. H. virescens 
(tobacco budworm)); Anthonomus spp. (e.g. A. grandis (boll weevil)); Pseudatomoscelis spp. (e.g. 
P. seriatus (cotton fleahopper)); Trialeurodes spp. (e.g. T. abutiioneus (banded-winged whitefly) T. 
vaporariorum (greenhouse whitefly)); Bemisia spp. (e.g. B. argentifolh (silverleaf whitefly)); Aphis 
spp. (e.g. A gossypii (cotton aphid)); Lygus spp r (e.g. L iineoiaris (tarnished plant bug) or L 
hesperus (western tarnished plant bug)); Euschistus spp. (e.g. E. conspersus (consperse stink 
bug)); Chlorochroa spp. (e.g. C. say/ (Say stinkbug)); Nezara spp. (e.g. N. viridula (southern green 
stinkbug)); Thrips spp. (e.g. T. tabaci (onion thrips)); FranfdinieHa spp. (e.g. F. fusca (tobacco 
thrips), or F. occidentalis (western flower thrips)); Empoasca spp. (e.g. E. fabae (potato 
leafhopper)); Myzus spp. (e.g. M. persicae (green peach aphid)); Paratrioza spp. (e.g. P. cockerelli 
(psyllid)); Conoderus spp. (e.g. C. faili (southern potato wireworm), or C. vespertinus (tobacco 
wireworm)); Phthorimaea spp. (e.g. P. opercufella (potato tuberworm)); Macrosiphum spp. (e.g. M. 
euphorbiae (potato aphid)); Thyanta spp. (e.g. T. palfidovirens (redshouidered stinkbug)); 
Phthorimaea spp. (e.g. P. opercuteila (potato tuberworm)); Helicoverpa spp. (e.g. H. zea (tomato 
fruitworm); Keiferia spp. (e.g. K. lycopersicelia (tomato pinworm)); Limonius spp. (wireworms); 
Manduca spp. (e.g. M. sexta (tobacco hornworm), or M. quinquemaculata (tomato hornworm)); 
Liriomyza spp. (e.g. L. sativae, L trifolli or L. huidobrensis (leafminer));. Drosophilla spp. (e.g. D. 
mefanogaster, D. yakuba, D. pseudoobscura or D. simulans); Carabus spp. (e.g. C. granulatus); 
Chironomus spp. (e.g. C. tentanus): Ctenocephaiides spp. (e.g. C. felis (cat flea)); Diaprepes spp. 
(e.g. D. abbreviatus (root weevil)); ips spp. (e.g. /. pini (pine engraver)); Tribofium spp. (e.g. T. 
castaneurn (red floor beetle)); Glossina spp. (e.g. G. morsitans (tsetse fly)); Anopheles spp. (e.g. A. 
gambiae (malaria mosquito)); Helicoverpa spp. (e.g. H. armigera (African Bollworm)); 
Acyrthosiphon spp. (e.g. A. pisum (pea aphid)); Apis spp. (e.g. A. melifera (honey bee)); 
Homalodisca spp. (e.g. H. coagulate (glassy-winged sharpshooter)); Aedes spp. (e.g. Ae. aegypti 
(yellow fever mosquito)); Bombyx spp. (e.g. B. mori (silkworm)); Locusta spp. (e.g. L migratoria 
('migratory locust)); Boophilus spp. (e.g. B. microplus (cattle tick)); Acanthoscurria spp. (e.g. A. 
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gomesiana (red-haired chololate bird eater)); Diploptera spp. (e.g. D. punctata (pacific beetle 
cockroach)); Heliconius spp. (e.g. H. erato (red passion flower butterfly) or H. melpomene 
(postman butterfly)); Curculio spp. (e.g. C. glandium (acorn weevil)); Pfutetla spp. (e.g. P. xylostetla 
(diamontback moth)); Amblyomma spp. (e.g. A vahegatum (cattle tick)); Anteraea spp. (e.g. A. 
yamamai (silkmoth)); and Armigeres spp. (e.g. A subalbatus). 

34. A method for preventing insect growth on a substrate comprising applying a composition of 
any of claims 10 to 18 or a spray of claim 19 to said substrate. 

35. A method for treating and/or preventing a disease or a condition caused by a target 
organism, comprising administering to a subject in need of such treatment and/or prevention, a 
composition of any of claims 10 to 18 or a spray of claim 19. 
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